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The F-16 Aircraft and Hydrazine-

An Industrial Hygiene Perspective

ABSTRACT

This paper describes the USAF program fo r

controlling potential exposures to hydrazine as

it is used on the F-16 aircraft . The evaluation

of exposures to hydrazine during various air-

craft maintenance activities is described .

Cooperation between a defense contractor and

the line and medical service of the USAF led to

an engineering design concept which emphasizes

control of exposure and minimizing the potential

of accidental exposure . Recognizing that th e

• risk of an accidental exposure will never be

reduced to zero, the USAF Medical Service has

implemented a comprehensive program of medical

surveillance and health education directed

towards the work force responsible for mainte-

nance of the F-16 hydrazine system . The paper

has crossover interest to non-toxicologists and

non-industrial hygienists ; it demonstrates the

benefit of consulting the medical community

early in the development and acquisition of any

new system which involves potential exposure to

hazardous materials .

THE F-16 AIRCRAFT relies on continuous electric

and hydraulic power to maintain the position of

flight control surfaces. In certain flight

envelopes, the loss of either power will result

in loss of flight control within a matter of

seconds . Since maintaining flight stability is

critical to a successful engine restart or crew

ejection, the aircraft has been equipped with

an emergency power unit (EPU) which senses

disruption in either electric or hydraulic

power and initiates a backup power source . A

blend of 70% hydrazine and 30% water (H-70) is

used to supp y energy for the backup system .

The fuel is decomposed on a catalyst which

produces high temperature gases to drive a
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generator and a hydraulic pump . While the USAF

had considerable experience from the space and

missile program in handling hydrazine, the

introduction of this toxic material to the

flightline presented new and challenging

problems to the USAF medical and aircraft main-

tenance communities . Mindful of the concern

for the toxicology of hydrazine ( l,2),* and that

deployment of the F-16 would increase the USAF

population at risk of exposure , the USAF Surgeon

General directed the publication of an Air Force

Occupational Safety and Health (AFOSH ) standard

on hydrazine (3) .

The Harry G . Armstrong Aerospace Medical

Research Laboratory (AAMRL) and the USAF Occupa-

tional and Environmental Health Laboratory

(OEHL) both had a major role in defining medical

support requirements for the F-16 system .

AAMRL's toxicology research program developed

the data base for identifying safe human

exposure and engineering design criteria for

hydrazine before the F- 16 was introduced into

the field . Figure 1 illustrates, in general,

the uses of the toxicology data base for new

chemicals used in advanced weapons systems .

The OEHL worked with the F-16 Systems Program

Office during the full- scale development phase

of aircraft testing to insure that medical and

industrial hygiene interests were given careful

consideration before aircraft deployment . Both

AAMRL and the OEHL are components of the

Aerospace Medical Division (AND) which is a

division of the Air Force Systems Command .

This paper is intended to have crossover

interest to non-toxicologists and non-industrial

hygienists . It is an overview of a systematic

approach to industrial hygiene . The paper

focuses on field experience with use of H-70 on

the F- 16 as a g y successful example of how

and why the medical community should be

consulted early in the development and

*Numbers in parentheses designate references at end of paper .
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acquisition of any new system which involves

potential exposure to hazardous materials .

• HYDRAZINE TOXICOLOGY AND WORKER EXPOSU

CRITERIA - Hydrazine is a widely used ind strial

chemical . In addition to its use as a opel-

lent by the DOD and NASA, it is used a

blowing agent , a reducing agent, an/ xygen

scavenger in boiler water treatme , and in the

synthesis of various chemicals d drugs . In

1974, it was estimated that 17,000 metric tons

of hydrazine were produced u( the United States

(2) . The National Institute for Occupational

Safety and Health (NIOSH ) estimates that

approximately 9,000 workers are potentially

exposed to hydrazine (2) .

Hydrazine is a clear , oily liquid having

an ammonia-like odor . The odor threshold is

reported to be 3 to 5 ppm (3) . Since individual

sensitivity to odor may vary and prolonged

exposure can overcome sensory recognition, the

odor cannot be relied upon as an indication or

arming of overexposure.

Hydrazine is a corrosive compound . Skin

contact with the liquid or exposure to high

vapor concentrations can cause eye and / or skin

irritation. The contact dermatitis can vary

from a mild rash to severe burns, depending upon

the amount of hydrazine present and the duration

of exposure (3) .

Hydrazine is readily absorbed through the

skin ; however, immediate rinsing with water will

reduce both the uptake and the chemical burn s

• from skin contact . If allowed to penetrate the

skin, the toxic effects will be similar to those

described below from inhalation (3) .

Contact of the eye with liquid hydrazine

or high vapor concentrations can cause temporary

or permanent blindness . Contact with the lining

of the airways and lungs can cause irritation of

the lining or the development of fluid within

the lungs (3) .

At high doses , hydrazine can cause disrup-

tion of normal central nervous system function .

The first symptoms may be headaches , dizziness,

loss of balance , or nausea and vomiting . If the

dose received during overexposure is sufficient,

loss of consciousness and respiratory failure

may result . Although convulsions have been

reported in experimental animals at very high

doses of hydrazine , they have not been reported

in humans . It should be noted that this is not

true for the substituted hydrazines, such as

methylhydrazine and dimethylhydrazine, which

are potent convulsigenic agents (3) .

A primary hazard associated with excessive

hydrazine exposure concerns its ability to

produce liver damage . This can occur as a mild

condition diagnosed only by altered clinical

chemistry tests or as severe liver cell death,

resulting in normal liver tissue being replaced

by scar tissue . In the less severe response,

liver function may return to normal when the

individual is removed from the exposure situa-

tion; whereas in the more severe response, the

liver is permanently damaged . The degree of

severity is directly proportional to the

duration and amount of exposure (3) .

There is evidence from animal experiments

that hydrazine is capable of inducing respira-

tory tumors in long-term inhalation studies . A

dose-related response was observed in one-year

exposures to 1.0 and 5 .0 parts per million (at

25°C, 760 Torr) . No increased incidence of

tumors was observed at 0 .25 and 0 .05 ppm (4) .
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Hydrazine has exhibited a teratogenic effect in

rats causing embryo death at doses approaching

• those causing overt maternal toxicity . The

data indicate the 0 .1 ppm is a no-risk level

for pregnant women and their fetuses . However,

the embryo would be at greater risk than adults

in the event of an accidental spill leading to

a short-term, high-level exposure either by

inhalation or percutaneous absorption (5) .

Hydrazine permissible occupational exposure

limits for Air Force applications are specified

in AFOSH Standard 161-13 (3) . The maximum eight

hour time weighted average (TWA) airborne

concentration of hydrazine to which personnel

may be exposed is 0 .10 ppm or 0 .13 mg/m3 . At

this concentration, nearly all workers may be

repeatedly exposed, day-after-day, without

adverse effect .

Excursions to a concentration of 0 .30 ppm

or 0 .39 mg/m3 are permitted providing tha t

the TWA is not exceeded during the workday .

This is the concentration to which workers can

be exposed continuously for a short period of

time without ill effects . Excursion should be

measured over 15 minute periods .

Since skin absorption of hydrazine may

contribute to the overall exposure, AFOSH

Standard 161-13 specifies that liquid hydrazine

should never be allowed to come into contact

with unprotected areas of the body .

SYSTEM DESIGN OBJECTIVES - The Occupational

Safety and Health Act of 1970 formalized, in

• legislation, what had been considered by many

engineers to be "good engineering practice ."

Within the engineering design community, the

Act forced recognition of "personnel exposure

control" as an essential element in total system

design . The continuous electric and hydraulic

power requirements of the F-16 prompted serious

consideration of a hydrazine (H-70) powered

emergency power system but raised many questions

about the wisdom of introducing a toxic chemical

into the flightline environment . Concurrent

with the design decision to incorporate a hydra-

zine system on the F-16 was a commitment to

identify system design objectives which would :

- provide hardware and support

equipment designed to preclude

exposure to liquid or vapor through

a closed system approach ;

- provide a warning system to

positively alert personnel to

possible exposure situations ; and

- provide personnel with qualified

personal protective equipment,

specific task-oriented technical

data, and a comprehensive

occupational health program .

The F-16 EPU was designed as a totally

closed system to minimize the risk of personal

exposure . During normal operations , the liqui d

• hydrazine tank is isolated from the pressure

tank . Whenever the system is used, there is a

positive indication at the flight console . The

fuel tank remains pressurized until maintenance

is performed . A positive indication in the form

of a pressure gauge has been included in the

3

system to show that the H-70 tank is pressurized

and as a warning to maintenance personnel .

Flightline servicing of a used EPU involves

depressurization of the system, purging residual

H-70 contained in the wet-side plumbing through

the catalyst bed, and replacing the used H-70

tank .

All EPU maintenance is accomplished using

specific instructions which describe the tasks

and which have been validated by industrial

hygiene measurements of airborne hydrazine

concentrations . To service a pressurized

system, personnel are required to wear gloves,

apron, and a face shield to protect them from

accidental release of a liquid stream . Depres-

surization is accomplished through a scrubbing

device designed to neutralize any possible

hydrazine vapor that may have wetted the

interior walls of the H-70 tank as the plunger

traveled along the tank .

All quick-disconnect fittings on the wet

side were selected for their high integrity and

small interior volume to minimize liquid

release . As an extra measure, disconnect is

accomplished with a wetted rag wrapped around

the fitting to trap any small liquid release .

The rag is neutralized in the scrubbing liquid

to further reduce exposure risk . The f i

steps in flightline servicing of the H 70 system

involve purging of residual H-70 ' the down-

stream plumbing and removal o e H-70 tank .

The closed-system-lc~oncept is carried to

non-flightlineksyricing of the H-70 tanks as

well . The tanks are transported in specially

designed contaLHers equipped with a color

indicator to g ve positive warning that a leak

of H-70 may hav occurred in the container . The

tanks are service by technicians wearing

clothing similar to sed by flightline

maintenance personnel since refilhn' g iavohes

pressurization of an H-70 drum .

During system development, USAF bioenviron-

mental engineers worked with contractor

industrial hygienists and design engineers to

measure exposures and validate both the equip-

ment design and maintenance procedures . Where

exposures were found to approach levels greater

than half the acceptable exposure criteria,

modifications to both equipment and procedures

were accomplished . Exposure measurements have

shown that hydrazine can be maintained at an

order of magnitude below the exposure criteria .

An example of hydrazine breathing zone concen-

trations measured during F-16 EPU maintenance

tasks is given in Table 1 (6) .

No amount of preparation will reduce

exposure risk to zero . Training of personnel

in the proper use of equipment and procedures

is a necessary ingredient to achieving low

exposures . Videotape and slide/tape visual

aids are used for initial and periodic training

of all maintenance personnel . In addition, a

comprehensive occupational health program to

monitor the exposures of potentially exposed

personnel and provide annual physical

examinations has been introduced .

BNA08768157
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Table 1. Hydrazine Breathing Zone Concentrations Measured During F-16 EPU Maintenance Task s

TASK DESCRIPTION

A . Servicing Facility Tasks

1 . Drum Change Outb

2 . Fuel Tank Fill (1st Test)

3 . Fuel Tank Top Of f

4 . Fuel Tank Defueling

5 . Fuel Tank Fill (2nd Test)

1 . Fuel Tank Depressurization

2 . Fuel Line Purge

3 . Poppet Valve Refurbishment

4 . Fuel Tank Replacement

c Assumes al exposure during task occurred during a single 15 minute period .

d Assumes tot al 8 hr duty day exposure to hydrazine occurred during performance of task .

protecti gear .

equip t ; the results are for breathing zone samples taken on the outside of respirator y

The was no worker exposure during this task since each worker wore self contained breathin g

ta .

WORKER

TASK AVERAGE

CONCENTRATION

CALCULATED 15

MIN EXCURSION

CONCENTRATION

CALCULATED

8 HR TWA

CONCENTRATIONd

DESIGNATION ( mg/m3 ) ( mg/m3 ) a,c (mg/m3 )

A 0 .014 0 .o14a 0,000 3

B 0 .005 0 .005a 0 .000 1

C 0 .011 0 .011 0 .0002

A 0 .001 0 .007 0 .0002

B 0 .003 0 .016 0 .0005

C 0 .003 0 .018 0 .0006

A 0 .092 0 .29 0 .00 9

B 0 .021 0 .066 0 .00 2

C 0 .066 0 .21 0 .00 7

A 0 .018 0 .021 0 .0006

B 0 .017 0 .019 0 .0006

C 0 .025 0 .028 0 .0009

A 0 .018 0 .081 0 .00 3

B 0 .012 0 .054 0 .002

C 0 .019 0 .087 0 .00 3

A 0 .011 0 .014 0 .0004

B 0 .009 0 .012 0 .0004

A 0 .005 0 .013 0 .0004

B 0 .003 0 .007 0 .000 2

A 0 .041 0 .054 0 .00 2

B 0 .004 0 .005 0 .000 2

A 0 .018 0 .025 0 .00 1

B 0 .008 0 .010 0 .0004

These' calculated excursion values were taken to be the same as the task average concentration

because the task duration was less than 15 minutes . This is a conservative interpretation of the

,integration of occupational an d

environmental health guidance and design

'__Criteria early in the F-16 development and tes t

phases significantly enhanced operational

utility and supportability . This experience

clearly indicates that early involvement of the

medical and industrial hygiene communities in

.hardware design and development of systems using

toxic substances is absolutely essential if the

technology is to be supportable in the opera-

tional environment . As the state-of-the-art in

aircraft design moves beyond P-16 capabilities,

the requirement for high-energy , quick-response

power will demand the use of new fuel an d

• chemical systems . The lessons learned during

the development of the F-16 can be of great

value in designing occupationally and environ-

mentally safe systems using new fuels and

chemicals.

To help promote this approach, the

Department of Defense System Safety Program has

incorporated an occupational health hazard

assessment task to permit program managers a

formal mechanism for obtaining health related

data upon which to base trade-off decisions

among candidate chemicals , system performance,

and medical support requirements (7) .

SUMMARY

Through the combined efforts of the air-

craft manufacturer , the F-16 Systems Program

Office, and the USAF Medical Service , measures

have been taken to reduce the potential risk of

exposure to hydrazine during maintenance of the

F-16 aircraft . The use of a closed-system

design objective has reduced exposures during

routine EPU servicing to levels more than an

order of magnitude below the occupational

exposure limits for hydrazine . A comprehensiv e

BNA0876815 8
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program of medical surveillance and worker

education has been implemented to further

reduce exposure risk .
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True orofacial dyskinesia secondary to chronic antihistamine
administration has been described by Thach et al .' and by Davis . `

Is synd rome is clinically indistinguishable from tardive dyskine-
a, which generally results from the long-term administration of

neuroleptic agents and which may be irreversible .

The fact that antihistamines can cause both dystonic reactions
and orofacial dyskinesia is evidence in favor of the hypothesis that
antihistamines and anticholinergic agents directly affect catechol-
aminergic neurones . The experimental work of Farnebo et al.' and
Coyle and Snyder' has suggested such a possibility .

ROBERT SOVNER, M .D .

Boston, MA 02124 Boston State Hospital
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HEPATIC VISUALIZATION AFTER "I IN PATIENTS WITH
THYROID CARCINOMA (CONT. )

To the Editor: The letter of Maayan et al . (Maayan ML, Eisen-
berg J, Lopez EM, et al : Hepatic visualization after "1 1 in patients
with thyroid carcinoma. N Engl J Med 295 :1258, 1976) desc ribes

hepatic visualization after large doses of "'I had been given for
whole-body scanning to patients with functioning thyroid lobes .
They conclude that the I'll -labeled thyroid hormone that had been
produced endogenously was accumulated by the liver in a physio-
logic fashion . We ag ree with that as a general conclusion.

However, in an experience of more than 150 whole -body scans
using "1 1 to search for metastatic thyroid carcinoma , we have also
seen functioning carcinoma in the projection of the liver ; eight pa-
tients had metastases in the liver , rib, iliac crest or adjacent lymph

nodes . The focal nature of the deposits, their localization on scan-
ning in the lateral projection , and radiographs showing skeletal in-
volvement led to a p roper diagnostic conclusion in several cases.
However, in others one could not be ce rt ain with use of these crite-
ria. A clear-cut diffe rence between physiologic hepatic accumula-
tion of "' I-labeled hormone and "'I uptake by metastatic thyroid

tumor was possible by analysis of serial , collimated scintillation

counting for I'l l over the residual thyroid lobe, cardiac blood pool,

stomach bed, known functioning metastases and the right upper

quadrant of the abdomen (liver ) . Uptake of "'I by metastatic thy-
roid-caicinosra occurred early, with a time sequence that was simi-
l ar to the uptake by the thyroid lobe or known metastases . Physio-
logic accumulation by the liver occurred later, after "'I labeling of
thy ro id hormone and its release into the circulation had taken
place. The lag for physiologic hepatic accumulation was 12 to 24
hours at lfas t

Comparative serial , focal , collimated scintillation counting over

the liver or elsewhere (such as the left upper quadrant to assess me-
tastasis , in contrast to physiologic gastric activity, which rises and
falls rapidly in correlation with blood-pool activity) may be useful

in differentiating functional metastases and physiologic activity in
whole-body 131 1 scans .

New York , NY 10016

MANFRED BLUM, MD .

New York University

School of Medicine

TO FJAY2I1At racy RT P WTE
By COPyj3 G ;fr LP.,J ( 17 U .S. COUP

Marc h 17, 197 7

CHOROIDAL MELANOMA : POSSIBLE EXPOSURE TO
INDUSTRIAL TOXIN S

To the Editor : We have documented two cases of choroidal mela-
noma and one case of squamous -cell carcinoma of the conjunctiva,
occurring over three years ( 1971-74 ) in a population of chemical
workers at a plant in the Ohio Valley region . The chemical compa-

ny involved supplied data , unreviewed by ou rselves , stating that on-

ly these three cases had occurred over a longer ( 1956 -74) period .

They noted that the total age-adjusted incidence of all forms of eye

cancer in this population over the longer period was 0.5 ; this figu re
would represent a sixfold excess of observ ed over expected cases and

would be statistically significant (P = 0 .023 ) .' Choroidal melano-

ma is an uncommon human neoplasm , with an age-adjusted annu-

al incidence of six per one million population ; from our available

data, the total approximate expected incidence in this population

during the 1956 - 74 period is 0 .12 cases. Histopathological exami-

nation revealed one tumor to be a choroidal melanoma of a mixed

cell type ( Callender classification ) . This patient has died of gener-

alized metastases from this lesion. The second tumor was also a
choroidal melanoma, of the spindle B type ; this patient is alive and

has shown no recurrences or metastases .
Detailed work histories for both cases were provided by the em- ,

ployer , who brought these cases to our attention . Although these

histories show no known common exposure, the chemical plant uses
three substances that have been classi fied as possible human car-

cinogens by the American Confe rence of Governmental Industrial
Hygienists : dimethylsulfate, hydrazine, and 4,4'-methylene diani-
line . In the fi rst and fatal case , the worker was exposed to hydra-

zinc in a 25 per cent solution of water'or six yea rs ; in the second

case, the worker was exposed to dimethylsulfate for six years .

Although an uncommon tumor, malignant melanoma is the lead-

ing primary intraocular tumor. The overall mo rtality for these tu-
mors is 29 per cent at fi ve years and 40 per cent at 10 years; al-
though overall mo rtality has been stated to be as high as 65 per cent

for large or cytologically malignant tumors .' The etiology and

pathogenesis of these neoplasms is not known . It has long been sus-

pected that pre-existing choroidal nevi may undergo malignant
change , although the evidence for this hypothesis is presumptive .'

The nature of the carcinogenic insult that 5Suld convert a benign

nevus or uveal melanocytes into a neoplastic lesion is not known . In
cutaneo us melanomas, there is a well established relation between

the incidence of these lesions and environmental exposure to sun-
light.' The incidence of choroidal melanoma shows no such rela-
tion ; a recent study showed no variance in the incidence of choroi-
dal melanoma with latitude , as has been demonstrated for cuta-
neous melanoma .' A recent repo rt linked a polychlorinated bi-
phenyl (Arochlor 1254) with a statistically significant increase in

the rate of cutaneous malignant melanoma in workers exposed to
this agent' In addition , there have been two repo rt s of intraocular
tumo rs induced in laborato ry animals by chemical agents . Benson
re port ed intraocular tumor formation in rats after oral administra-
tion of ethionine and N-2-fuorencylacetamide.' Patz produced fi-
brosarcomas of the choroid by intraocular injection of methylch o-
lanthrene . '

The possible role of chemical agents in the etiology of human

choroidal melanomas re quries fu rt her investigation . Detailed occu-
pational histories should be obtained in all cases .

Boston, MA 02114

DANIEL M . ALBERT, M .D .

CARMEN A . PULIAFITO

Massachusetts Eye and Ear Infirmary -

Ha rv ard Medical Schoo l
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AMYLASE-CREATININE CLEARANCE RATIO IN

PANCREATITI S

To the Editor : We should like to comment on the recent paper of

Johnson et al . (N Engl J Med 295 :1214, 1976) . The authors pre-

sent evidence that in acute pancreatitis a renal mechanism (some

"tubular-dysfunction factor") is responsible for the enhancement of

the amylase-to-creatinine clearance ratio (Cam/CC ratio) rather

than an isoamylase abnormality. They state that there is no avail .

able information whether this "factor" functions in conditions oth-
er than acute pancreatitis .

Earlier reports from several authors and recent findings of our

groups have case doubt on the diagnostic value of the Cam /Car ratio

in differentiating acute pancreatitis from other disorders. Elevated

Ca,,, /C, ratios were found in patients with " acute illness other than

pancreatitis,"" burns and ketoacidosis,r renal insufficiency,'-'

acute duodenal perforation' and after thoracic operations (after

thoracic operations also, an increased beta-2 microglobulin clear-

ance was found, providing more evidence that it is the same mecha-

nism that acts upon an enhancement of the Cam /Cer ratios in this
condition and in an acute pancreatitis) .' On the other hand, in two

independently performed clinical trials we found nonelevated

Cam /Ce, ratios in 10 out of 33 (Gottingen) and 19 out of 46 (Mar-
burg) patients with an established diagnosis of acute pancreatitis

during the acute phase of the illness' This means that in our expe-

which is in contrast to a recent editorial ' a normal Grience /C,, ,,am
atio does not exclude acute pancreatitis . Thus, the "tubular-dys-

functior~ factor " seems indeed to function in conditions other than

acute pancreatitis , and - mo reover - seems not to be present in a

considerable number of patients with this disease .

H . K. DORR, M .D .

J . CH . BODE, M .D .
Medizinische Klini k

D-3550 Marburg/Lahn, Germany University of Marbur g

D-3400 Gottingen, Germany

P . G . LANRtsci, M.D.

H. Koop, M.D.

Medizinische Klinik

University of Gottingen
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The above letter was referred to the authors of the article in ques-

tion, two of whom offer the following reply :

To the Editor . As noted in reference I of the letter of Darr et al ., wet

agree with the contention that tubular dysfunction resulting in an

elevated C,,,,/C, ratio is not entirely specific for acute pancreatitis .
So far as the sensitivity of this measurement is concerned, it is our

experience that patients with severe acute pancreatitis practically

always have an elevated Cam/C,r ratio . Patients with what appears

to be mild acute pancreatitis occasionally have a normal clearance

ratio . However, in such patients, it is seldom possible to document

objectively the presence or absence of pancreatitis by some inde-

pendent method, and it is therefore difficult to determine how often

pancreatitis is associated with a normal C,,,,/Cr, ratio .

MICHAEL D . LEVtirr, M.D.

STEVEN G . JOHNSON, M .D.

Minneapolis, MN 55455 University of Minnesota

HUMAN VS . CANINE FOO D

To the Editor. Contrary to Mr. Greenberg's feelings, I doubt very

much if it is the failure of the American food industry "to provide

humans with a product that approximates the cost and nutritional

virtue of many dog foods" (N Engl J Med 295 :1487, 1976) .

Dog food costs 30 cents a pound because it is manufactured from

a limited number of ingredients, in a limited number of forms, and

is marketed in a limited number of ways . You won't find it in the

frozen-food section of your local supermarket, and Boston has yet to

open its first dog-food delicatessen .

The food-processing industry has not "denied" its technologic

capacity to the production of human food . That it has not given us a

"socially acceptable product nutritionally similar to dog food" is a

credit to the profession . (Wom)man is a social animal, and food in

many ways defines who and what we are .

During the six weeks from Thanksgiving to New Year's Day our

family participated, as most Americans did, in a virtual gastro-

nomic orgy. Food and drink defined our religious beliefs and our so-

cial status, facilitated celebration, rewarded the children and
brought friends and neighbors together . It gave pleasure, joy, hap-

piness and generated feelings and remembrances of the past . It be-
came symbol, ritual, security, confidence, relief, love and rcessur-

ance .

I agree ; $1 .30 or so a pound for a breakfast product that is nutri-
tionally skimpy is out of proportion. But before I took the food tech-

nologist to task I would want to know what part of that cost is rep-

resented by excessive marketing costs such as advertising, packag-

ing and extensive and expensive merchandising technics .

Ipswich, MA 01938

JOSEPH M . CARLIN, R .D.

15 Kimball Ave.

To the Editor : I wholeheartedly concur with Mr. Daniel S . Green-

berg's suggestion, in "Dog Food, People Food and Other Mat-

ters," that the food industry prepare and market a basic food prep-

aration that will compare with dog food in nutritional value at min-

imal cost . It would be of particular value to give to improvident fam-

ilies who have one or more members accustomed to trading their

food stamps for alcohol, and leaving the children without proper
food . The basic food would be less negotiable and easily available to

the more dependent members of the family .

Incidentally, such a food does exist , though, to my knowledge, it

is not marketed by the food industry . Pemmican was developed by

North American Indians as a continuing fine source of all neces-

sary nutrients . It is palatable and can be consumed over long pe ri -

ods without boredom or distaste. I know , since I lived on it as a ski

trooper during World War II .

Portland , OR 97210
RALPH CRAWSHAW, M.D .

2525 N .W. Lovejoy St .
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Long-Term Inhalation Toxicity of Hydrazine . VERNOT, E . H ., MACEWEN, J . D ., BRUNER,
R . H ., HAUN, C. C., KINKEAD, E. It ., PRENTICE, D . E., HALL, A ., III, SCHMIDT, It. E ., EASON,
R. L ., HUBBARD, G . B ., AND YOUNG, J . T. (1985) . Fundmn . Appl. Toxicol. 5, 1050-1064. Year-

long intermittent exposures of rats, mice , hamsters, and dogs to hydrazine we re conducted using
concentrations of 0,05, 0 .25, 1 .0, and 5 .0 ppm . Rats were held 18 months postexposure; hamsters,
I year postexposure ; mice, 15 months postexposure; and dogs, 38 months postexposure . Male
and female rats exhibited dose -dependent incidences of benign nasal adenomatous polyps and
smaller numbers of malignant nasal epithelial tumors after I year of exposure to hydrazine and

18 months postexposure holding. Nasal tumors were often associated with chronic irritation and

were most frequent in male rats, with an incidence of greater than 50% in the highest exposure

group . Hamsters exposed to 0.25-ppm and higher concentrations showed pathologic changes

characteristic of degenerative disease, including amyloidosis. After exposure to 5 .0 ppm hydrazine,

hamsters developed a 10% incidence of benign nasal polyps compared to 0 .5% in controls. Small

numbers of colon neoplasms and thyroid parafollicular cell adenomas were found in hamsters,

but only in the highest concentrations tested . Lung adenomas appeared to be marginally increased
in mice exposed to 1 .0 ppm hydrazine, the highest concentration tested in this species . No consistent

clinical or pathological effects were seen in dogs during or after exposure to hydrazine at any

concentration . Using amyloidosis as a criterion, a no-effect level was not achieved in hamsters .
In rats, there appeared to be a marginal production of nasal tumo rs at 0.05 ppm, while mice

showed no effects at 0 .25 ppm . This study has demonstrated that the nasal respiratory epithelia

of rats and hamsters are the most sensitive tissues to the tumorigenic action of hydrazine following

inhalation exposures. This is similar to the reaction of rats to formaldehyde, another highly reactive

water-soluble compound . o 1985 so iety orToxicology .

Hydrazine (NZH4) is a highly reactive reducing

agent which is widely used as an intermediate

in organic synthesis and, either singly or in

combination with other hydrazines, as a mis-

sile propellant . An important and increasing

use of hydrazine is that of a boiler feed wate r

'The work reported here was performed under U .S .

Air Force Contract F33615-80-C-0512. The report is
identified as AFAMRL-TR-81-56 .

' To whom requests for reprints should be addressed .

additive as an oxygen scavenger . Clark et at

(1968) provided a detailed review of the tox-

icology and pharmacology of propellant hy-

drazines . The acute toxicity of hydrazine is

characterized by central nervous system ef-

fects, usually convulsive, and by renal and liver

lesions (Witkin, 1956; Patrick and Back,

1965) .

Interest in the oncogenicity of hydrazine was
initially aroused by findings that the antitu-

bercular drug isonicotinic acid hydrazid e

0272-0590/85 $3 .00
Copyri ght ® 1985 by the society of Toxicology.
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LONG-TERM INHALATION TOXICITY OF HYDRAZINE 105 1

(INH) induced lung adenomas, leukemias, and

lymphosarcomas in mice after intraperitoneal

administration (Juhasz et at, 1963) . Feeding

INH to mice at a concentration of 0.01 to

0.25% in the diet led to the development of

pulmonary tumors with dose-dependent in-

cidences (Mori et at, 1960) . Similar results

were found in various strains of mice by Bian-

cifiori and Ribacchi (1962), Biancifiori et al.

(1963a,b), Toth and Shubik (1966), Kelly et

al . (1969), Toth and Toth (1970), and Jones

et a!. (1971) . Biancifiori et at (1964) investi-

gated the induction of pulmonary tumors and

hepatomas in mice by INH and its putative

metabolites, hydrazine (as the sulfate) and

isonicotinic acid . Isonicotinic acid had little

or no effect on tumor incidence, whereas

equimolar concentrations of INH and hydra-

sulfate induced roughly the same inci-

te of lung tumors, Administration of hy-

drazine sulfate, but not of INH, led to an in-

crease in hepatomas . Induction of lung tumors

in mice by hydrazine, usually as the sulfate,

has been repeatedly shown by a large number

of investigators (Roe et at, 1967; Toth, 1969,

1971; Biancifiori et a!., 1963a,b, 1964; Bian-

cifiori and Ribacchi, 1962 ; Kelly et at, 1969) .

Hepatomas ahd hepatocarcinomas have been

observed in three strains of mice treated orally

with hydrazine sulfate (Biancifiori, 1970a,b, ;

Biancifiori et al ., 1964; Severi and Biancifiori,

1968) . In contrast to the findings in mice, little

or no oncogenic effects have been noted in

rats and hamsters after administration of INH

(Toth and Toth, 1970; Severi and Biancifiori,

1968, Peacock and Peacock, 1966 ; Toth and

Shubik, 1969) .

Severi and Biancifiori (1968) administered

daily doses of hydrazine sulfate intragastrically

to male and female rats for 68 weeks . Lung

tumors (adenomas and adenocarcinomas)

were observed in treated animals of both sexes
and hepatic cell carcinomas or spindle cel l

reomas in males . Toth (1972) administered

drazine sulfate orally to Golden Syrian

amsters and noted no significant increase in

the number of tumors produced.

Wade et at (1981) tested hydrazine in the

Salmonella typhimurium assay and found it

to be weakly positive in the two strains used .

Rogers and Back (1981) found that hydrazine

induced thymidine resistance in the mouse

lymphoma cell assay but was not mutageni-

eally active in ouabain, thioguanine, and cy-

tosine arabinoside systems. Herbold and

Rohrborn (1977) reviewed results of different

tests for a number of compounds including

hydrazine . Hydrazine showed mutagenic

properties in the Salmonella microsome test

and host-mediated assay.

Although workers have had possible expo-

sures to hydrazine vapor for many years and

in larger numbers since World War II, there

have been no reported cases of hydrazine-in-

duced cancer in humans . The only known ep-

idemiologic study of hydrazine workers re-

ported to date is an ongoing study of a major

hydrazine manufacturer (Wald et al., 1984) .

This study of 427 workmen traced 406 through

1982, of whom 49 had died, 12 from cancers .

Both the numbers of deaths and numbers of

cancers found for this group matched the ex-

pected ratios for English workmen for that pe-

riod.
In our laboratory, 6-month exposures of

Cr! mice to 1 .0 and 5 .0 ppm hydrazine in-

termittently and 0 .2 and 1 .0 ppm continuously

(MacEwen et at., 1974) had shown significant

induction of pulmonary alveolargenic carci-

nomas . The study reported here was planned

as a follow-up to provide more information

on the effects of long-term inhalation exposure

of multiple species to hydrazine . This study

was designed to expose male and female rats,

female mice, male hamsters, and dogs of both

sexes to low levels of hydrazine for 1 year, fol-

lowed by lifetime postexposure holding of ro-

dents for oncogenic evaluation . An exposure

period of 1 year was chosen as being represen-

tative of the limited period of occupational

exposure for career Air Force personnel .

METHODS

Test compound. The anhydrous hydrazine ' used in this

study was analyzed using gas chromatography/mass spec-

197% pure, Matheson Coleman and Bell, Norwood,

Ohio .
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1052 VERNOT ET AL.

trometry and found to contain 99 .8% hydrazine and 0.2%

water.

Chamber hydrazine

concentration

(PPm)

Animals . Female C57BL/6 miCe,° male and female EXPERIMENTAL DESIGN FOR HYDRAZINE INHALATION

Fischer 344 rats.5 male Golden Syrian hamsters,6 and 6- EXPOSURE CONCENTRATIONS

month-old male and female beagle dogs' were used in the

study . All rodents were 7 weeks of age at start of exposure .
Mice and dogs were not exposed to 5 .0 ppm hydrazine

because previous experiments (Haun and Kinkead, 1973)

had shown this concentration to be lethal to large pro-

portions of these species. The numbers of rodents were

chosen to increase sensitivity of tumor detection to the

maximum consistent with acceptable animal loading in

the chambers. Dogs were included in the study to provide

indices of clinical effects mainly from analyses of blood .

The first group of mice placed in the 1 .0-ppm-hydrazine

exposure group was removed from the experiment after

an equipment malfunction caused several deaths. A con-

current set of unexposed control mice was established along

with the new group of C57BL/6 mice exposed to 1 .0 ppm

hydrazine.

Exposure and postexposure conditions . Animals were

exposed in 840-ft' chambers described by Thomas (1965)

according to the scheme shown in Table I . The rodents
were housed in stainless-steel cages (25 X 25 X 38 cm).

Mice were housed 10 animals per cage, rats 3 per cage,

and hamsters 5 per cage . The cages were placed around

the perimeter of the chamber with rats at the highest level,

followed by hamsters and then mice at the lowest level .

Controls were kept in identical cages suspended in racks

in the vivarium, a facility separate from the exposure lab-

oratory . Dogs in the exposure chambers were kept in

groups separated by sex in 90° sector pens of 4-ft radius .

Control dogs were kept in runs at the vivarium . At exposure
termination exposed animals were transferred to the vi-

varium and housed identically to controls for the rest of

the experiment .

The exposure concentrations were selected to span a

100-fold range. The 5 .0-ppm exposure concentration was

selected as an apparent maximum tolerable exposure dose

which would produce some biologic response without

causing death in hamste rs and rats .

The inhalation exposures were conducted on a 6-hr/

day, 5-day/week schedule for a 1-year period without ex-

posures on weekends and holidays. The animals were ex-

posed at a slightly negative pressure (725 mm Hg) to pre-

vent contamination of the surrounding laboratories and

personnel . The air flow, pressure, relative humidity, and

tempe rature were all controlled automatically. Air flow

was maintained at 40 ft'/min (1 .1 m3/min), relative hu-

midity at 50 ± 10%, and temperature at 22 ± 2°C .

° Jackson Laboratories, Bar Harbor, Maine .

Charles River Breeding Laboratories, Wilmington,
Mass .

6
Engle Laboratory Animals, Inc ., R .R. #2, Box 201-A,

Farmcrsburg, Ind .

' Ridglan Farms, Inc ., 301 West Main St., Mt . Horeb,

Wisc .

TABLE I

Animal numbers, sex, and specie s

0.05 100 male . 100 female rats; 400

female mice

0.25 200 male hamsters ; 400 female

mice

0 .25 100 male, 100 female rats; 4 male,

4 female dogs

1 .0 200 male hamsters; 400 female

mice

1 .0 100 male, 100 female rats; 4 male,

4 female dogs

5 .0 100 male, 100 female rats; 200

male hamste rs

Control° 150 male, 150 female rats; 800

female mice ; 200 male

hamsters; 4 male, 4 female dogs

Controls housed in a vivarium .

Rodents were maintained for as long a postexposure

period as possible while sustaining sufficient numbers at

final sacrifice for compa ri son of lesions in control and ex-

posed groups. This resulted in postexposure holding times

of 12 months for hamsters, 15 months for mice, and 18

months for rats. Dogs were held fora period of 38 months

postexposure .

Test atmosphere introduction and analysis. Hydrazine

was introduced into each chamber by means of an auto-

matic syringe feeder . The syringe feeder metered the liquid

hydrazine into a short i-in .-diameter Teflon tube con-

nected to a j-in . stainless-steel tube leading to the chamber

air introduction line. The Teflon and stainless-steel tubes

were heated to 50°C using electrical heating tape . The

slight chamber vacuum was sufficient to draw air through

the introduction tube carrying the vaporized hydrazine

into the air input to the chamber . The concentration in

the atmosphere of each chamber was monitored using a

Technicon Autoanalyzer proportioning pump and col-

orimeter as shown in Fig. 1 . Chamber air was drawn

through the absorbing tower, a 10-coil, 3-in. glass helix

containing glass beads. A buffered iodine solution was

pumped through the tower concurrently with chamber

air. The solution contained 40 g/liter potassium iodide,

20 g/liter disodium phosphate, and 6 g/liter monopotas-

sium phosphate. To this solution, 0.1 N iodine solution,

made up in 40 g/liter potassium iodide, was added to give

normalities ranging from 0 .0001 to 0 .001 . Absorbances

BNA08768165
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FIG . 1 . Hydrazine analytical system . ( I) sample line from

chambers, ( 2) iodine absorber solution , (3) proportioning

pump, ( 4) mixing coil, (5) phase separator, (6) filter, (7)

flow meter, ( 8) control valve, ( 9) single-stage diapump,

(10) waste line , (11) analysis sample line, (12) calorimeter,

(13) strip chart recorder.

of the iodine solution were measured continuously at

vclengths of from 380 to 420 nm depending on the

centmtion . Hydrazine concentra tions were determined

after subtraction of the absorbances from baseline values

measured by sampling chamber air for 2 hr before intro-

duction of hydrazine. Over the year-long exposures, hy-

drazine concentrations were maintained with daily relative

standard deviations of 10% or less in all chambers . Intro-

duction of considerable excesses of hydrazine was required

to atta in the desired analytical concentrations . Mean

nominal concentrations of 21, 5 .5, 3 .1 . and 1 .9 ppm were

generated to attain time-weighted ave rage analyzed con-

centrations of 4 .96, 1 .00, 0.25, and 0 .05 ppm, respectively .

Parameters evaluated. All animals were observed hourly

during the 12-month hydrazine exposure phase of the study

and daily during the postexposure phase . Rats, dogs, and

hamsters were weighed individually at biweekly intervals

du ri ng exposure and monthly duri ng the postexposu re pe-

riod . Mice were weighed in cage groups and group mean

weights followed on a monthly schedule throughout the

entire study .

Blood samples we re drawn from the great saphenous

veins of dogs at biweekly inte rvals du ri ng the exposure

phase, and at 2, 5, 9, 14, 33, 83, 96, 121, and 152 weeks

poslexposure. Clinical determ inations were made for the

following battery of tests :

Red blood cell count Total protein

White blood cell count Albumin

Hematocrit Globulin

Hemoglobin A/G rati o

Sodium Serum glutamic-pyruvic

o tassium t ransaminase

lalcium Alkaline phosphalase

Glucose

Bromsulphalein ( BSP) reten ti on times were measured

in all dogs at bimonthly inte rvals du ri ng the study .

All animals that died or were killed during the study

were necropsied. The necropsy consisted of an external

examination, including all body orifices, and the exami-

nation and fixation of portions of the tissues recommended

by the National Cancer Institute (Sontag et al., 1976) . All

tissues sampled were subjected to histopathologic exami-

nation . Tissues from each species of animal were examined

by a single pathologist or by a group of pathologists who

conferred and concurred on diagnoses . Histopathologic

evaluation of nasal tissue was based upon a single, trans-

verse section taken midway between the oral incisive pa-

pilla and the first palatal ridge.

Statistical analyses. Significance levels of differences

between means of control and exposed groups for contin .

uously variable parameters were determined using an in-

dependent t-test computer program (Dixon, 1983) . For

incidence data, significance levels of differences were

computed using a Fisher's exact test program from the

same source . Incidences of tumors compared were cu-

mulative totals at final sacrifice. The patterns of mortality

rate differences among groups were not such that this pro-

cedure would have led to underestimation of tumor in-

cidence in exposed groups.

RESULTS

Clinical Determinations

Only hamsters experienced significant

mortality during the exposure phase of the

study. Each exposed group of hamsters had

almost double the number of deaths during

exposure as the control group (32-33% vs

19%) . By study termination at 24 months from

exposure start, however, mortality percentages

among all groups were similar at 80-90% . In

mice and rats, deaths during exposure were

low in all groups (below 10%), and rat mor-

tality at study end was similar in all groups

(76-91%). Exposed mice demonstrated sig-

nificantly higher mortality than controls at fi-

nal sacrifice but without any relationship to

dose (controls 72-79% ; exposed 84-87%) .

All groups of hamsters lost weight beginning

at 12 months, with a maximum loss of 20 g

at 15 months, i .e., 3 months after exposure

termination . Thereafter, recovery to normal
levels occurred by the 19th month . Since con-

trols followed the same pattern, the weight loss

apparently was not related to exposure . Di-

agnostic tests to identify specific causes for

weight loss were inconclusive, but weights in

all hamster groups at 24 months were not dif-
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ferent from those usually seen in animals of

the same age . When compared with controls,

weights of hamsters exposed to 5 ppm were

severly depressed through the exposure and

postexposure period until they attained parity

with controls at 10 months postexposure .

Hamsters exposed to 0 .25 and 1 .0 ppm hy-

drazine showed significant weight depression

during exposure, but weights were not different

from controls during the postexposure period .

Exposed mice gained as much weight as con-

t ro ls during the exposure : however , all exposed

groups gained less weight than controls during

the postexposure period. Although the weights

of male rats exposed to 5 .0 ppm hydrazine

were consistently lower than those of the other

exposed groups, the major difference in

weights was between controls and all the ex-

posed groups . Female rats demonstrated no

weight differences among groups until after

exposure when controls outgained exposed

groups by 20-30 g over the postexposure pe-

riod .

Except for one dog, hematology and clinical

chemistry differences between exposed and

control dogs at any sampling period appeared

random and not related to exposure . The ex-

ception, a male dog in the 1 .0-ppm exposure

group , exhibited intermittent increases in

serum glutamic-pyruvic transaminase (SGPT)

values beginning at 34 months postexposure .

BSP retention time measured when these in-

creases occurred was never greater than that

of control animals nor was the liver palpable

on examination . After multiple episodes of this

cyclic event, the animal was sacrificed at 36

months postexposure and tissues examined .

A control dog was also sacrificed for compar-

ative pathology. Changes in the liver of the

exposed dog were characterized as patchy to

diffuse clusters of swollen hepatocytes that had

highly vacuolated cytoplasm .

Nontumor Pathology

In male and female rats, the major non-

neoplastic effects of exposure to hydrazine

were mostly associated with the respiratory

epithelium where inflammatory changes and

squamous metaplasia were distinctly increased

in the nose, larynx, and trachea of animals

exposed at the 5 .0-ppm level . No consistent

increases in nontumor lesions occurred at ex-

posures below 5 ppm, although squamous

metaplasia was recorded with modest fre-

quency in the nose of both control and exposed

rats in all dose groups . Because controls were

essentially free of changes characteristic of

murine respiratory mycoplasmosis, this infec-

tious disease was not believed to be a causative

factor for respiratory changes documented in

any group . In addition to respiratory lesions,

increased inflammatory and degenerative

changes were noted in the reproductive system

of female rats exposed at the 5 .0-ppm concen-

tration. These and all other nonneoplastic le-

sions observed with significant frequency in

rats are listed in Table 2 .

The major nontumor pathologic change

noted in hamsters was generalized amyloidosis

which was manifest in the liver, kidneys, thy-

roid, and adrenal glands . This lesion was a

common finding in control hamsters, but ap-

peared with significantly greater frequency in

exposed animals, usually showing positive

dose dependence . Hemosiderosis and bile duct

hyperplasia were also increased in the livers

of exposed animals, as was senile atrophy in

the testes . All these differences appeared to re-

flect an exposure-related acceleration of com-

mon aging changes in hamsters . Table 3 pre-

sents the incidence data for those hamster le-

sions showing significant increases in exposed

animals .

In mice, no nonneoplastic effects of expo-

sure were recorded, and the only nontumor

lesion observed in dogs was in the previously

described subject which exhibited focal areas

of highly vacuolated liver cells and a corre-

sponding elevation in SGPT values. It should

be noted that these hepatocellular changes

were considered to be highly compatible

with steroid-induced hepatopathy in dogs

(Fittschen and Bellamy, 1984) .

Tumor Pathology

Neoplastic lesions in rats and hamsters

which were observed with a significantly

greater incidence in exposed subjects, or which

BNA0876816 7

H DMS POO1793854



LONG-TERM INHALATION TOXICITY OF HYDRAZINE 1055

TABLE 2

NONNEOPLASTIC LESIONS IN HYDRAZINE- EXPOSED MALE AND FEMALE RATS

Incidence (%)
I

Lesion Control 0.05 ppm 0.25 ppm 1 .0 ppm 5 .0 ppm

Nasa l

Squamous metaplasi a

Males 24/146(16) 19/96 (20) 24/94 (26) 25/97 (26) 47/99(47) '
Females 28/145 (19) 18/97 (19) 23/98 (23) 24/94(26) 28/95 (25 )

Epithelial hyperplasia

Males 4/146 (3) 9/96 (9) 3/94 (3) 4/97(4) 21/99(21) '
Females 3/145 (2) 2/97 (2) 4198 (4) 5/94 (5) 9/95 (9) °

Laryn x

Squamous metaplasia

Males /141 (I) /95 (2) /91 (2) /91(3)

I

18/92 (20)°

h

Females 6/138 (4) 2/91 (2) 2/91 (2) 4/91 (4) 14/91(15) '

Inflammatio n

Males 14/141 (9) 42/95 (44) 7/91 (8) 14/91(15) 72/92(78) '
Females 22/138 (16) 11/91 (12) 4/91 (4) 10/91(11) 48/91 (53) °

Whea

uamous metaplasi a

Males 0/145 (0) 0/97(0) 0/98 (0) 0/95 (0) 10/97 (10) °

Females 0/147(0) 0/96 (0) 0/97 (0) 0/95 (0) 6/98 (6) °

Inflammation

Males 5/145(3) 17/97(18)° 2/98 (2) 2/95 (2) 52/97(54)'
Females 0/147 (0) 3/96 (3) 1/97 (I) 4/95 (4)b 29/98 (30) °

Lymph node

Hyperplasia 1
Males 4/149 (3) 5/99 (5) 3/99 (3) 5/98 (5) 5/99 (5)

Females 3/147(2) 2/97 (2) 41100(4) 3/97 (3) 11/98 (11) °

Hepatic

Focal cellular change

Males 58/149 (39) 39/99 (39) 40/99 (40) 41/99 (41) 42/99 (42)

Females 57/147 (39) 42/97 (43) 36/100 (36) 58/97(60)- 64/98 (65) °

Endomet ri tis 8/147 (5) 5/97 (5) 0/100 (0) 6/97(6) 21/98(21) '

Salpingitis 0/147 (0) 0/97 (0) 0/100(0) 1/97(l) 20/98 (20) °

Ovarian atrophy 15/147 (10) 13/97 (13) 3/100(3) 15/97 (15) 22/98 (22) °

° Incidence significantly greater than control, p < 0 .01 .
Incidence significantly greater than control, 0 .01 < p < 0 .05 .

occurred in a dose-dependent manner, are re-

corded in Tables 4 and 5, respectively . For

most tumors, the statistical significance of the

ncreased frequency over controls was eithe r

wonexistent or borderline, as in the case of

thyroid carcinoma in male rats (5 .0-ppm

level) . In contrast, neoplasms of the nasal ep-

ithelium were distinctly increased in both rats

and hamsters, with greater than 50% of the

male rats exhibiting benign nasal tumors at

the 5 .0-ppm exposure concentration.

By far, the most frequently diagnosed nasal

tumor in both rats and hamsters was the ad-

enomatous polyp. In the rat, these benign

neoplasms were often multiple and were ap-

proximately twice as common in males (59%)

BNA08768168
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TABLE 3

NONNEOPLASIIC LESIONS IN HYDRAZINE - EXPOSED MALE HAMSTERS

•

Incidence (% )

Lesion Control 0 .25 ppm 1 .0 ppm 5 .0 ppm

Liver

Amyloidosis 42/180 (23) 67/160 (42)° 68/148 (46)° 79/159 (50) °

Hemosiderosis 42/180 (23) 63/160 (39)° 77/148 (52)° 94/159 (59) °

Bile duct hyperplasia 14/180 (8 ) 31/160 (19)° 28/148 (19)^ 44/159 (28) °

Biliary cyst 45/180 (25) 45/160 (28) 42/148 (28) 55/159 (35) b

Splee n

Amyloidosis 39/160 (24) 39/129 (30) 57/130 (44)° 60/138 (44) '

Lymph nodes

Lymphadenitis 6/167 (4) 13/143 (9)b 17/140 (12)° 16/146 (11) 0

Kidney

Interstitial amyloidosis 15/179 (8) 19/164 (12) 21/145(15) 28/160 (18) °

Glomerular amyloidosis 39/179(22) 53/164 (32)° 67/145 (46)° 77/160 (48) °

Mineralization 55/179 (31) 78/164 (48)° 51/145(35) 82/160 (51) °

Thyroid

Amyloidosis 9/155(6) 20/117 (17)° 11/127(9) 22/137 (16) 0

Adrenal

Amyloidosis 38/177 (22) 49/155 (32)b 52/141 (37)° 76/153 (50) °

Degene ra tion 25/177(14) 29/155 (19) 26/141 (18) 34/153(22) b

Testis

Senile atrophy 33/18508) 41/160(26) 40/149 (27)b 55/159 (35) 4
Aspermatogenesis 27/185 (15) 20/160 (13) 18/149(12) 36/159(23) °

Hypospermatogenesis 33/185 (18) 35/160 (22) 38/149(26) 41/159(26 )

° Incidence significantly g reater than control, p < 0.01 .
° Incidence significantly greater than control, 0 .01 < p C 0 .05 .

as in females (29%) exposed at the highest

concentration . Sexual predisposition could not

be established in hamsters because only males

were exposed. In both species, these benign

neoplasms usually presented as a broadly-

based, noninvasive polypoid mass originating

along the nasoturbinates and extending into

the dorsal and/or ventral meatus with mild

displacement of j uxtaposed structures (Fig . 2) .

Microscopically, these tumors usually con-

sisted of densely packed epithelial cells ar-

ranged in cordlike festoons or solid patterns,

with proliferating cells often palisading about

central, vascular channels. In many tumors,

variably sized glandular acini were present

which were often filled with cellular detritus,

collections of degenerating neutrophils, and/

or PAS-positive secretory material. Acini were

usually lined by nonciliated, low columnar to

cuboidal cells which blended into a surround-

ing matrix of undifferentiated epithelial cells

(Fig . 3) . Mitotic figures were relatively com-

mon. Supporting stroma was scanty to non-

existent and interstitial accumulations of both

neutrophils and mononuclear inflammatory

cells were frequent in some tumors . Addition-

ally, some neoplasms exhibited focal areas of

differentiation into both mucocytes and more

squamoid cells, prompting a diagnosis of

"mucoepidermoid" tumor to be considered

(Figs . 4 and 5) .

Although adenomatous polyps were the

most common nasal tumors in both rats and

hamsters, smaller but significant numbers o f

BNA08768169
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TABLE 4

TUMORS OCCURRING AT HIGHER INCIDENCES IN HYDRAZINE-EXPOSED RATS OVER CONTROLS

Tumor type Control 0 .05 ppm 0.25 ppm 1 .0 ppm 5 .0 ppm

Females

Nasal adenomatous polyp 0/145 2/97 0/98 2,/94 28/95 a

Nasal villous polyp 0/145 0/97 0/98 2194 2/9 5

Nasal adenocarcinoma 0/145 1/97 0/98 0/94 3/9 5

Nasal squamous cell

papilloma 0/145 0/97 0/98 0/94 3/9 5
Nasal squamous cell

carcinoma 0/145 0/97 0/98 0/94 2/9 5

Bronchial adenoma 0/145 0/97 0/98 0/94 1/9 5

Male s

Nasal adenomatous polyp 0/146 2/96 1/94 9/97° 58/98 a

Nasal villous polyp 0/146 0/96 0/94 1/97 12/98°

Nasal adenocarcinoma 0/146 1/96 0/94 0/97 0/9 8

Nasal squamous cell

papilloma 0 /146 0/96 0/94 0/97 3/9 8

Nasal squamous cell

carcinoma 0/146 0/96 0/94 1/97 2/9 8

ronchial adenoma 0/146 0/96 0/94 0/97 3/98

Thyroid carcinoma 7/146 6/96 5/94 9/97 13/98 b

a Incidence significantly greater than control, p C 0 .01 .

° Incidence significantly g reater than control, 0 .01 < p C 0 .05 .

squamous cell tumors were also noted in the although it is important to recognize that the

noses of rats exposed to 5 .0 ppm hydrazine . highest exposure concentration for mice was

Squamous neoplasms were not documented 1 .0 ppm. Additionally, three poorly differen-

in the respiratory tracts of hamsters or mice tiated adenocarcinomas and modest numbers

TABLE 5

TUMORS OCCURRING AT HIGHER INCIDENCE IN HYDRAZINE -EXPOSED HAMSTERS OVER CONTROLS

Incidence (% )

Tumor type Control 0.05 ppm 0.25 ppm 1.0 ppm 5 .0 ppm

Nasal
Adenomatous polyp 1/181 0/154 1/148 16/160 °

Thyroid

Parafollicular cell adenoma 0/145 0/117 0/ 127 4/ 13 7

Colon

Adenocarcinoma 0/158 0/146 2/129 3/139

Leiomyoma 0/158 0/146 0/129 1/13 9

Paillomap

Stomach
Basal cell ca rcinoma

0/15 8

0/169

0 /14 6

0/149

0/12 9

2/140

1/13 9

/145

a Incidence significantly greater than control, p C 0.01 .

16
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FIG . 2 . Adenomatous polyp ( arrow) in a male hamster o riginating along the nasoturbinates and extending

into the dorsal/ventral meatus. H & E X 25 .

of villous polyps were noted in exposed rats. months after exposure start and in a female

Most rat nasal tumors, benign or malignant, 23 months following exposure start . In ham-

were seen after I year of postexposure holding, sters, neoplasms were also found in the thyroid

with the earliest occurring in a male rat 20 and digestive system following hydrazine ex-
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FiG . 3 . Typical male mt adenomatous polyp . Proliferating epithelial cells palasading along scanty fibro-

vascular stroma and forming acinar structures filled with secretory mate ri al and degenerating cells. H & E

X 50.

osure (Table 5) . Although the incidence val- zinc exposure . The only neoplastic lesions

s lack statistical significance, their occur- found in higher incidence in exposed mic e

rence only at the higher exposure levels is were lung adenomas, and the increase was of

strong evidence of their resulting from hydra- borderline statistical significance at the 1 .0-

BNA08768172
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FIG . 4 . Higher magnification of a male rat adenomatous polyp exhibiting early mucous cell differentiation

(arr ows) . H & E X 100.

ppm level when concurrent controls were used ground incidence of 2-3% is common for pul-
for comparison (12/379 vs 4/378 ) . This sig- monary adenomas in all C57BL/6 mice used
nificance disappeared when the alte rnate for experi mental purposes in our laborato ry .
group of controls ( 8/385 ) was used. A back- These observations, therefore , strongly suggest

BNA08768173

H DMS POO1793860



LONG- TERM INHALATION TOXICITY OF HYDRAZINE

I

- . -, _ ,
'tea mr:'~

'^, yw-~ .

FIG . 5 . Rat adenomatous polyp with early squamous cell differentiation . H & E x 100 .

106 1

that the slight increase in lung tumors in mice exposures of mice to this level for 6 months

at the highest level was probably a random caused 50% mortality .

event. As noted earlier, the mice were not ex- Only two tumors were seen in dogs
. Both

•osed to 5.0 ppm because previous repeated were observed in one individual exposed to

BNA08768174
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•

•

0.25 ppm hydrazine. One was diagnosed as an

hemangioma of the splenic capsule, and the

other was recorded as a papilla ry carcinoma

of low - grade malignancy a rising from the mu-

cocutaneous border of the anus .

DISCUSSION

This study differed from those performed

previously in one or more of the following fac-

tors: use of the inhalation route, the free base

rather than the sulfate salt, and different strains

of rats (Fischer 344) and mice (C57BL/6) .

Unexpectedly , mice were the most resistant

species to the oneogenic effects of hydrazine,

showing only a questionable increase in benign

lung tumors at 1 .0 ppm . This borderline in-

crease of lung tumors in mice exposed to hy-

drazine contrasts with previous studies with

hydrazine sulfate delivered per os in which

mice developed significantly more lung tumors

than other species at comparable levels of ex-

posure . A previous report of hydrazine inha-

lation exposures (MacEwen et at. . 1974) in-

dicated a dose- related increase in alveolargenic

carcinomas in female mice exposed to 1 .0 and

5 .0 ppm hydrazine in a strain (ICR) that nor-

mally has a high incidence of these tumors .

Although the respirato ry system appears to

be the p rimary site of hydrazine- induced tu-

mors in rats and mice, previous studies had

shown the lung to be the specific target organ .

Under our study conditions , the nasal cavities

were the sites of the most st riking tumor de-

velopment . In rats, large numbers of dose-re-

lated benign tumors and, at the highest ex-

posure level, modest numbers of malignant

tumors of the nasal mucosa were characte ristic

of inhalation exposure to hydrazine . In ham-

sters, a species which was resistant to tumor

development after oral administration of hy-

drazine sulfate in previous studies, a significant

incidence of nasal polyps resulted from ex-

posure to 5 .0 ppm hydrazine . Small numbers

of colon , stomach, and thyroid parafollicular

cell tumors were also present in hamsters ex-

posed to the higher concentrations of hydra-

zinc, with none in controls or those exposed

to 0 .25 ppm. Rats exhibited a small increase

in bronchial adenomas at the highest level of

exposure, although statistical significance was

not obtained because of the small numbers of

tumors, one in females and three in males .

These airway neoplasms had biological sig-

nificance since no tumors appeared in contro ls

or any subjects exposed to lower dose levels .

No other tumor was induced or increased over

natural incidence in any of the species tested .
The nasal polyps in rats and hamsters noted

after I year high- level repeated exposures to

hydrazine generally were not life threatening

and represented only one among the many

chronic toxic e ffects of the hydrazine exposure.

The irritative effect of the higher level hydra-

zinc concentrations is apparent from the

greatly increased inflammato ry response of the

upper airways of both male and female rats .

The inflammato ry response was accompanied

by an increase in squamous metaplasia of ep-

ithelial cells lining the trachea , la rynx, and na-

sal passages . Similar effects have been noted

with long-term exposure of Fischer 344 rats

to formaldehyde ( Ke rns et al., 1983) . In that

study, squamous cell carcinomas were induced

in rats at an incidence of 43 % after 24 months

of intermittent exposure to 14.3 ppm form-

aldehyde. Both sexes were equally affected .

Smaller numbers of benign polypoid adeno-

mas also were detected in formaldehyde-ex-

posed rats, but not in a distinctly dose-related

fashion . These polypoid adenomas , however,

did appear to have a st riking morphologic

simila rity to the adenomatous polyps induced

by exposure to hydrazine and, as with hydra-

zine, tumors were more prevalent in males

than females. It should be noted that in hy-

drazine-exposed rats , benign nasal tumors

outnumbered malignant neoplasms by 6 to 10

times . In formaldehyde-exposed subjects the

trend was reversed .

In contrast to rats, we were unable to detect

any exposure - related upper respirato ry in-

flammation , hyperplasia, or metaplasia in dogs

BNA08768175
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and mice, species that did not develop nasal

tumors, or in hamsters, a species that did .

Kerns et al . (1983) reported that mice exposed

to 14.3 ppm formaldehyde for 2 years devel-

oped two squamous cell carcinomas in 45 an-

imals examined. Epithelial dysplasia and

metaplasia preceded and accompanied the

development of tumors in formaldehyde-ex-

posed mice . Chang et at (1983) reported that

the "dose" available for absorption in the nasal

tissue of mice exposed to 15 ppm formalde-

hyde was reduced relative to that of rats by a

significant depression of respiratory minute

volume which did not occur in rats . Autora-

diography of nasal tissues after exposure to

[14C]formaldehyde confirmed that less radio-

activity per unit area was deposited in exposed

mice than in exposed rats . In the present study,

no measurements were made to determine

whether similar decreases of hydrazine "dose"

ecurred in exposed mice . Rusch et at (1983)

posed monkeys, rats, and hamsters to 0 .2,

0, and 3.0 ppm formaldehyde for 26 week s

on a 22-hr/day, 7-day/week schedule . Rats and

monkeys developed squamous metaplasia of

the nasal turbinates, but hamsters showed no

evidence of exposure-related effects .

There are similarities between the responses

of rodents to formaldehyde (Chang et al.,

1983; Kerns et at., 1983; Rusch et at, 1983)

and hydrazine as shown in our investigation .

Rats are the most sensitive species to upper

respiratory effects, neoplastic and nonneo-

plastic, of both compounds. Mice showed

lower incidences of cellular change and neo-

plasia on 24-month exposure to 14 .3 ppm

formaldehyde than rats and no detectable

pathological responses were present in the

noses of mice after 12-month exposure to 1 .0

ppm hydrazine. Hamsters exposed to 3 ppm

formaldehyde almost continuously for 6

months reacted similarly to hamsters exposed

to 5 .0 ppm hydrazine intermittently for a year

in that nontumor pathological responses were

absent in the nasal respiratory epithelium . No

tumors were detected in the hamsters expose d

• to formaldehyde, but this might be expected

106 3

because the animals were exposed for a shorter

period and not held past exposure termination .

Like formaldehyde, hydrazine is a very water-

soluble compound and, in the vapor state,

might be expected to be absorbed by the first

moist surface available to it when inhaled, the

nasal mucosa . It is not surprising that the most

sensitive target tissue for both compounds is

the nasal epithelium .

We conclude from these long-term inhala-

tion studies on male Golden Syrian hamsters,

female CS7BL/6 mice, and male and female

Fischer 344 rats that hydrazine is capable of

inducing nasal tumors, primarily benign, in

rats and hamsters after 1-year intermittent ex-

posure . Colon, stomach, and thyroid tumors

in hamsters and bronchial adenomas in rats

occurred in small numbers only at the highest

levels tested.
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Occtupa ttional exposure to i?j i . ..

subsequent risk of cancer

Joan Morris, James W Densem, Nicholas J Wald ; Richard Doll

Abstract

Objectives-The aim was to examine the

cause specific mortality of men exposed

to hydrazine .
Methods-Hydrazine was produced at a

factory in the east midlands between 1945

and 1971 . The cohort of a ll 427 men who

were employed there for at least six

months with varying degrees of occupa-

tional exposure to hydrazine were fol-

lowed up until the end of January 1992 .

Results-By the end of July 1982 49

deaths had occurred and the observed

morta lity was found to be close to that

expected at each level of exposure . By the

end of January 1992 a further 37 deaths

had occurred . Again the observed mor-

tality was close to that expected for all

causes and also for lung cancer , cancers

of the digestive system, other cancers,

and all o ther causes, irrespec tive of the

level of exposure .

Conclusions-The results weigh against

there having been any mate rial hazard of

occupational exposure to hydrazine . The

small number of men studied means,

however, that a relative risk as high as 3 .5

for lung cancer cannot confidently be

excluded .

(Occup Environ Mcd 1995;52 :43-45 )

Keywords : occupational exposure ; hydrazine ; cancer

Hydrazine (N,H4) is a colourless, fuming, oily

liquid with an ammonia like odour. It is used

as a polymerisation catalyst, a blowing agent,

a reducing agent, and an oxygen scavenger in

treatment of boiler water; in the synthesis of

maleic hydrazide ; and in the manufacture of

drugs . Hydrazine is also used as a rocket pro-

pellant . The hydrazine bases are used in the

production of salts and hydrazones that are

used in surfactants, detergents, plastisers,

pharmaceuticals, insecticides, and herbicides .

Both the International Agency for Research

on Cancer' and the National Institute of

Environmental Health Sciences' find that

there is sufficient evidence for the carcino-

genicity of hydrazine in experimental animals,

but inadequate evidence for its carcinogenic-

ity in humans . Oral hydrazine tested in mice

and rats produced liver, mammary, and lung

tumours in mice and lung and liver tumours

in rats . 14 When tested by inhalation in con-

centrations comparable with occupationally

exposed men (0-25-5ppm), it produced

43

benign and malign an t nasal rumours in rats,

benign nasal polyps, a few colon tumours and

thyroid adenomas in hamsters , and a slight

increase in the incidence of lung adenomas in

mice . ,

The only observations available to test the

carcinogenicity of hydrazine to humans have

been those on 427 men who worked at a

hydrazine plant in the east midlands region of

the United Kingdom, who were followed up

for an average of 20 years .6 Mortality from all

causes was not increased over that expected,

but two lung cancers were found compared

with 151 expected in men in the highest

exposure category. The study had very little

power to detect even a large hazard, because

the number of deaths observed was so small .

It has therefore been extended by following

up the men for a further 10 years .

Details of hydrazine production at the fac-

tory between 1945 and 1971 have been given

previously.6 No measurements of atmospheric

hydrazine were ever carried out, but the con-

centration of hydrazine is thought likely to

have been 1-10 ppm in the general plant area

and much higher than this (5100 ppm) close

to the hydrazine storage vessels .

Me thod

Factory records showed that 427 men were

employed there for at least six months during

the period of hydrazine production . For each

of these men, the following information was

sought : identifying details, date of birth, date

of first employment, date of leaving the

company, and an estimate of the extent of

hydrazine exposure based on the knowledge

of the factory works manager . Each type of

employment was classified in one of the fol-

lowing categories, according to the estimated

degree of exposure .

HIGH EXPOSURE

Exposure was associated with the direct man- .

ufacture of hydrazine or of its derivatives, or

involved the use of liquid hydrazine as a raw

material . Exposure to hydrazine vapour was

potentially the greatest for men in this cate-

gory, who may have been exposed to about

1-10 ppm in the ambient air.

MODERATE EXPOSURE

-Exposure was associated with an incidental

presence in an area of the plant concerned

with the manufacture of hydrazine or its

derivatives (fitters and engineers, for exam-

ple) . Exposure in this category was unlikely to

BNA08768178
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have been more than I ppm and was probably
< 0 .5 or 1 ppm for most of their employment .

LOW EXPOSURE

Little or no exposure occurred as men in this

category were unlikely to have been exposed

to hydrazine more than slightly, and then only
infrequently .

Table I Numbers of men exposed and man -years at risk by category of exposure,
dura tion of exposure, oral years since first exposure

Category

Duration of
Exposure *

Years since
first exposure

Men
(n)

Man-years
(n)

High$ )2y <10 54 50 8
)10 50 87 8

<2y <10 78 350
310 73 409

All <10 78 85 8
"to 73 1287

Moderate All <10 375 336 5
and lout >I0 342 615 4
All All <10 427} 422 2

>10 389 744 1

*All men were exposed for > 6 months .
{Men who at fast had low or moderate exposure s and who were subsequen tly highly exposed
contributed man-yea rs at risk in the low or moderate catego ries initially and to the high
category after the ir feat exposure in that catego ry . The numbers of men in each catego ry,
therefore, add up to more than 427 in all, as some men contributed to more than one catego ry .
Similarly, all men who contributed man-years at nsk 310 y after first exposure and for
durations of exposure of )2 y also contributed to man-years at risk <10 y after first exposure
and m <2 y duration of exposure .
*High = men who may have been exposed to about 1-10 ppm hydrazine vapour in the
ambient air; moderate = men unlikely to have been exposed to 31 ppm and p ro bably <0-5
ppm hydr sine vapour in the ambient air; low = men unlikely to have been exposed to
hydrazine Vapour .

Table 2 Numbers of deaths observed (0) and expected (E) by category of exposure,
duration of exposure, yea rs since firs t exposu re, and cause

Coots of Cate o D ration of Years si
Deaths

•
death

g ry
of exposure

u
exposure

nce
fine exposure 0 (n) E (n) 0/E

Lung canc er High )2y 310 1 291 0.4 1
All 1 242 0.4 1

All 310 3 2-43 12 3
All 3 2 .79 1 .0 8

Modera te or low All 310 5 132 0.6 0
All 5 927 0.5 4

All All )10 8 10-76 094

All 8 1206 0-6 6
Canter of High )2y >10 0 1 .64 0 . 0

diges ti ve All 0 486 0 . 0
syste m All > 10 0 1 .90 0. 0

All 0 2-16 0 .0
Moderate or low All )10 8 6-54 1-2 2

All 9 729 12 4
All AS > t0 8 8 .44 0 .95

All 9 9-45 0 .95
Other cancer High >2 y )10 2 1-82 11 0

All 2 2 .01 0 99
All )10 2 2-13 0-94

All 2 2.40 0 .83
Moderate or low All ) t0 5 7-27 069

All 6 894 0-74
AS All )10 7 9-39 0,7 5

All 8 1054 0 :7 6
IHD High )2 y ) t0 7 6.60 106

All 8 739 108
All > 10 7 760 0,92

All 6 8 .54 0 .94
Moderate or low All > 10 16 25-82 0 62

All 18 28,46 0 .63
All AS > 10 23 3342 0 69

All 26 3700 0 .70
Other causes High > 2 y > 10 7 8,34 0-8 4

All 7 9-53 0-7 3
All )10 7 9-35 0-7 5

AO 7 10-99 0.6 4
Moderate or low AS ) 10 24 28 -54 0-8 4

All 28 34.01 0-8 2
All All )l0 21 37-89 055

All 35 4506 0-7 8
All causes High )2 y _10 17 20-51 0.8 3

All 18 2321 0.7 8

•
All )10 19 2341 0.8 1

All 20 26-88 0-7 4
Mode rate or low All > 10 58 7649 0 .7 6

All 66 87-23 046
All All )10 77 9990 0 .7 7

All 86 11411_ 0 7 575

The men were followed up to the end of

January 1992 through the cooperation of the

Office of Population Censuses and Surveys by
flagging their National Health Service records

in the National Health Service Central
Register at Southport .

It was possible to trace 406 (95%) of the

427 men. The 21 untraced men were

excluded from the study from the last date

they were known to have been living at th, -

last known address, or, in the case of four in

for whom this date was missing, from the last

date of their employment in the factory .

These dates were all before July 1982 (the cut

off date for the previous analysis) . Men who

were first exposed in the low or moderate cat-

egories and who were subsequently exposed

in the high category contributed man-years at

risk in the low or moderate categories initially

and to the high category after their first expo-

sure in that category. Similarly, all men w y

contributed man-years at risk >I 0 years at r

first exposure and for durations of exposure of

two years or more also contributed to man-

years at risk <10 years after first exposure and

to less than two years' duration of exposure .

Person-years at risk and death rates were

calculated by five-year age groups and time

since first exposure (<10 and >, 10 years),

The expected number of deaths was calcu-

lated from the death rates of men in Engird

and Wales in the same five-year age bill :s

over the same period of time . The overall

death rates in the area in which the factory

was located were similar to those in England

and Wales . The observed and expected num-

bets of deaths were compared and tested for

significance with one sided Poisson tests. The

results for the period < 10 years since first

exposure have been reported previously and

are not reported here .

The death rates in those men who had le
greatest exposure (high exposure for m re

than two years) were also compared to the
death rates for all other men with Kaplan-

Meier product limit analysis . Cox's propor-
tional hazards regression analysis was not

carried out due to the lack of fit of the models .

Results

Table 1 shows the number of man-years

under observation according to the cater 'ry

of exposure, duration of exposure, and the

number of years since first exposure . Of the

11664 man-years 18% at risk were in the high

exposure category.

Table 2 shows the numbers of deaths

observed compared with the numbers

expected. The observed mortality is close to

that expected for lung cancer, cancers of the

digestive system, other cancers, and all other

causes . For men in the highest exposure c te-

gory the upper 95% confidence inter its

(95% CIS) for the relative risks were : 3 .61 for
lung cancer, 1 .94 for cancers of the digestive

system, 1 .90 for ischaemic heart disease, and

127 for mortality from all causes .

Log rank test statistics from Con-Para-

rr.Si :sc .- .r'tvai 8 :1 .L7s ;s ; .,t _lat m.n l= . u
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Cause of death x` P value

Lung cancer 0'04 0.85
Cancers of the digestive system 1 36 024
All cancer 010 075
All causes 321 0 07

the highest exposure did not seem to have sig-

nificantly different mortalities for lung cancer,

cancers of the digestive system, and all causes,

compared with all the other men in the study

(table 3) .

Discussion

The only categories in which the number of

observed deaths exceeded expected deaths

(but not significantly) are lung cancer in men

in the high exposure category for six months

or more (three observed v 2 .43 expected) and

cancers of the digestive system in men in the

low or moderate exposure category (eight

observed v 6 .54 expected) . Two of the three

deaths from lung cancer in men in the high

exposure category were in men exposed in

that category for less than two years . Only one

case, however, occurred in men exposed in

the high exposure category for more than two

years v 2.11 expected. No cancers of the

digestive system occurred in men with expo-

sure in the high exposure category . No deaths

occurred from nasal cancer .

A similar study in France of 140 men work-

ing at a plant producing hydrazine since 1962

reached similar conclusions (personal com-

munication ; Cordier S, Grand C, Contassot

J-C) . No significant excess in incidence of

cancer was observed in the cohort of workers

in comparison with the numbers expected

Vancouver style

All manuscripts submitted to Occup Environ

Med should conform to the uniform

requirements for manuscripts submitted to

biomedical journals (known as the

Vancouver style . )

Occup Environ Med, together with many

other international biomedical journals, has
agreed to accept articles prepared in accor-
dance with the Vancouver style . The style

(described in full in the BMJ, 24 February
1979, p 532) is intended to standardise

requirements for authors .
References should be numbered consec-

utively in the order in which they are first

mentioned in the text by Arabic numerals

above the line on each occasion the refer-

ence is cited (Manson' confirmed other

reports'-' . . .) . In future references to

papers submitted to Occup Environ Med

RUV: cV~1, an exct,sz of d : jrciRP rr> , .'a .

found in the low exposure group (three cases

observed v 0 .52 expected ; P = 0 .02) . A signif-

icant excess of head and neck cancers (ICD-8

140-9) in the high exposure category was also

found in the French study (two cases

observed v 0 .27 expected; P = 0.03), but no

death from these causes was found in our

study (0 .49 expected) . No excess of respira-

tory cancers was observed in the French study

(we found one case v 1 .29 expected) .

Conclusions

The numbers of men exposed to hydrazine in

both this and the French study were small .

The results obtained are encouraging in that

no obvious hazard from lung cancer or any

other disease has appeared up to 46 years

later. The study can confidently exclude a rel-

ative risk of lung cancer of about 3 .5 or more,

but the power of the study is too limited to

exclude lower relative risks .

We thank Dr J Bonsall, former medical officer at FBC
Limited, Hauxton, Cambridge , UK, for all his work on the
study . We also thank National Aeronautics and Space

Administration, Houston, Texas, for financial support for this
project .
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LETTER TO THE EDITO R

HYDRAZIN E

Sir,

In mice, exposure to hydrazine sulphate by mouth or intraperitoneal (i .p .) in-

jection increased the incidence of three kinds of neoplasm to which mice are particular-

ly subject, namely, lung tumours, liver turnouts and malignant lymphoma (KELLY

et aL, 1969 ; JUHASZ et al., 1967 ; BIANCIFIORI, 1971 ; YAMAMOTO and WEISBURGER,

1970; BIANCIFIORI, 1970a ; BIANCIFIORI and RIBACCHI, 1962 ; BIANCIFIORI, 1970b ;

BIANCIFIORI, 1970c ; BIANCIFIORI et al., 1964) . Two experiments in hamsters yielded

negative results in respect of tumorigenicity (BIANCIFIORI, 1970c ; ToTH, 1972) . Two

out of 17 rats exposed to hydrazine sulphate by i .p . injection developed lung tumours

which rarely arise spontaneously in this species (RIBACCHI and GIRALDO, 1968) . In

another experiment in rats, in which hydrazine sulphate was administered by lavage,

both lung and liver tumours were seen (SEVER[ and BIANCIFIORI, 1968) . No long

term experiment involving the exposure of laboratory animals to hydrazine vapour

by the inhalation route has yet been reported, although studies of this kind in four

different species are currently in progress and the results are expected during the

next 12 months .

In 1974 representatives of nine manufacturers of hydrazine (I-IX) from five

countries began to meet informally to exchange information concerning the' health

of workers who had been, or were currently being, exposed to hydrazine . Four of the

nine companies started manufacturing hydrazine during or after 1960 and thus had

no data relevant to the assessment of possible cancer risk . Five companies (III, VI,

VII, VIII and IX) started manufacturing hydrazine on dates ranging from 1940

to 1956 . These are discussed below .

Company III had records of all of the 53 men engaged in hydrazine manufacture

for more than 10 yr between 1940 and 1974 . Of the 35 men (mean age = 50 in 1974,

average exposure = 15 yr, and average interval since first exposure = 21 yr) whose

exposure began before 1963, two died before January 1975 . Both deaths (at ages 48

and 60) were from heart disease . Anecdotal information from three other companies

provided no grounds for suspecting any increased cancer risk . However, no basis

has so far been made available to me for calculating expected numbers of deaths

from cancer in any of these four companies .

Only one of the companies (Company VI) has, so far, initiated a more systematic

epidemiological survey of its workers. This company operated a hydrazine manu-

facturing plant between 1945 and 1970 and had records of all of the 423 men who had

worked at the plant during that period . Of the 423, 64 had been employed directly in

the manufacture of hydrazine or on other plants in the same building and were

regarded as 'most exposed' . A second, intermediately exposed, group of 189 con-

sisted of men either employed for only a proportion of their time in the hydrazine



manufacturing

mainly in liquic

remaining 170

Their exposure

same factory . 1

divided accordi

less than 10 y

searching for

dalive or dead c

cancers (one in

The age of eac.

use of English

which shows,

survive until v

numbers of de

found either a

pected number

known to be a

from malignan

Intermediate C

16+ with can(

246 men is in

untraced in T,

While the c

provide evide

associated wit

made to extrz

keep under su

who have alrt

ployed in hyd

past can neve

spectively the

indicates that

the past been

companies cu

what has bee r

4 Kings Road

Wimbledon

London S W I9 f

U.K.

BIANCIFIORI, C .

BIANCIFIORI, C .

BIANCIFIORI, C.

BIANCIFIORI, C .

BIANCIFIORI, C

543-550.

BIANCIFIORI, C .

BNA08768182

H DMS POO1793869



Letters to the Editor 325

manufacturing area (e .g . fitters) or in other buildings where hydrazine was handled,

mainly in liquid form, in the course of the manufacture of hydrazine derivatives . The

remaining 170 men were not involved either in the manufacture or use of hydrazine .

Their exposure to hydrazine was limited to the fact that they were employed at the

same factory . They were categorized as `least exposed' . The three groups were sub-

divided according to whether men had qualified as members of the groups for more or

less than 10 yr prior to 1970 . By indirect methods (checking electoral registers,

searching for death certificates, etc .) 272 (64%) of the 423 men were ascertained to be

alive or dead on 30 June 1973 . Of those traced 18 had died, and two of these from

cancers (one in the intermediate exposure group and one in the least exposed group) .

The age of each man at the time he began to work in the factory was known . By the

use of English Life Table No . 12, 1960162 in the Annual Abstract of Statistics, 1973,

which shows, for each quinquennial age-cohort, proportions of men expected to

survive until various ages, and by linear interpolation from these tables, expected

numbers of deaths among the men of each category who were actually traced (i .e .

found either alive or dead) could be calculated (see Table 1) . The observed and ex-

pected numbers of deaths were similar . Since 30 June 1973, eight of the 254 men

known to be alive on 30 June 1973 are known to have died . Three of the deaths were

from malignant disease (Intermediate Group 10+ with cancer of stomach at age 74 ;

Intermediate Group < 10 with cancer of the stomach at age 64; Least exposed Group

10+ with cancer of the prostate at age 58) . A systematic follow-up of the remaining

246 men is in progress and an attempt is being made to trace the 151 men shown as

untraced in Table 1 .

While the existing data are crude and incomplete, I consider that they at least

provide evidence that these past occupational exposures to hydrazine were not

associated with any greatly increased risk of cancer . Attempts are currently being

made to extract further data from the records of all the companies concerned, to

keep under surveillance all present hydrazine workers and all past hydrazine workers

who have already been traced and to monitor the health of all men currently em-

ployed in hydrazine manufacture . Certain fundamental deficiencies in data from the

past can never be made good ; in particular, it will not be possible to measure retro-

spectively the extent of exposure of men to hydrazine . Anecdotal evidence, however,

indicates that concentrations of hydrazine vapour in ambient air in factories have in

the past been many times higher than the 0 .1 ppm maximum level which all nine

companies currently claim to be achieving. The purpose of this letter is to describe

what has been done so far and to indicate that research is in progress .

FRANCIS J . C. ROE

4 Kings Road Consultant to the group of

Wimbledon companies

London SW 19 8QN

U.K.
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Occupational exposure to hydrazine and subsequent

risk of cance r

N WALD,' JILLIAN BOREHAM,' R DOLL,' AND J BONSALL 2

From the ICRF Cancer Epidemiology and Clinical Trials Unit,' University of Oxford, Radcliffe Infirmary,
Oxford, and Occupational Health Department,' FBC Limited, Hairston, Cambridge, U K

ABSTRACT Four hundred and twenty seven men with varying degrees of occupational exposure to

hydra2ine, a weak animal carcinogen, were studied to see if they provided any evidence of

carcinogenicity to man . The observed mortality was close to that expected for lung cancer, other

cancers, and all other causes, irrespective of the level of exposure . There were 49 deaths (61-47

expected) from all causes including five deaths from lung cancer (6-65 expected) . The results

show that no obvious hazards associated with hydrazine exposure have yet appeared but because

of the small number of men studied they can only exclude gross hazards .

Hydrazine (N2H4) is a colourless, fuming, oily liquid

with an ammonia like odour . The estimated total

world production in 1981 was 30 000 tons . About

75% of hydrazine is used as a chemical intermediate

in the production of pesticides or plastic additives,

about 10% is used in fine chemical manufacture

(particularly in the production of isoniazid and

allopurinol), and the remaining proportion is used as

a deoxygenating material for boiler-feed water and

as a propellant in rocketry .

Hydrazine has been categorised by the Interna-

tional Agency for Research on Cancer as a weak

carcinogen' and by the American Conference of

Governmental Industrial Hygienists (ACGIH) as an

industrial substance suspected of carcinogenic

potential for man 2 a The evidence is based largely

on the administration of hydrazine and its sulphate

salts to rodents .

Mice given hydrazine sulphate by mouth at up to

45 mg/kg/day showed a dose related increase in the

incidence of hepatoma, mostly "hepatocar-

cinomas :'4 5 Hydrazine, at doses around 25 mg/kg/

day, has also been shown to cause myeloid

leukaemia , reticulum cell sarcoma of the medias-

tinum, and pulmonary adenomas and lym-

phomas .6- 5 Rats fed 3-4-4 mg/day over a 68 week
period showed an increased incidence of lung

adenomas and carcinomas, and an increased inci-

dence of liver turnouts
.4 1

Oral administration of hydrazine sulphate to ham-

sters, however, did not cause a significant excess o f

Received 25 October 1982
Accepted 6 December 1982

cancers, but 1,2-dimethyl hydrazine did cause

angiosarcomas of blood vessels and caecal and hepa-

tic tumours' °
Rats exposed for one year to hydrazine vapour by

inhalation in concentrations comparable to occupa-

tionally exposed men (0-25-5 ppm), and then kept

for their normal lifespan, showed an increased inci-
dence of benign and macroscopically malignant

tumours in the nose, the incidence of which was dose

dependent . Mice and hamsters similarly exposed

showed an increased incidence of lung adenomas

and of nasal polyps respectively .''

It seemed highly' desirable, therefore, to see

whether there was any evidence that hydrazine was

carcinogenic to man and to see what had happened

to men who had been exposed to hydrazine vapour

in the course of their work, even if the number

available for study was small . A preliminary analysis

of men working at a hydrazine plant failed to suggest

an excess risk of cancer associated with exposure to

hydrazine .'! The follow up was incomplete, how-

ever, and as mortality was not analysed by cause we

conducted a fresh study using the same cohort .

The plan t

At a factory in the east Midlands between 1945 and
1971 about 700 tons of hydrazine were produced a

year . The plant was in an enclosed building and, as

hydrazine was not considered to be more hazardous

than ammonia , exhaust ventilation was not pro-

vided . Hydrazine was kept in open tanks and hyd-

razine compounds were made from strong hydrazine

solutions in open vessels, which were heated t o
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enhance evaporation . Packing of hydrazine into

small commercial containers was carried out in the

same building . Spillages were not necessarily flushed

away immediately, and it was the practice of the

laboratory workers to pipette hydrazine solutions by

mouth .

Unfortunately, no measurements of atmospheric

hydrazine were ever carried out at this plant,

although the level of hydrazine is likely to have been

from 1 to 10 ppm in the general plant area and

levels much higher than this (up to 100 ppm) may

have occurred close to hydrazine storage vessels .

These estimations have been derived by the simula-

tion of spillages and calculations using data on the

saturated vapour pressure of hydrazine at 20°C,

which suggest that maximum levels of 100 ppm are

possible . Other organic chemicals were also manu-

factured in the same factory .

Factory records showed that 427 men were em-

ployed there for at least six months during this

period. For each of these men the following infor-

mation was sought : identifying details, date of birth,

date of first employment, date of leaving the com-

pany, and an estimate of the extent of hydrazine

exposure based on the knowledge of the factory

works manager . Each type of employment was

classified in one of the following categories, accord-

ing to the estimated degree of exposure .
Category /-Exposure associated with the direct

manufacture of hydrazine, or of its derivatives, or

involving the use of liquid hydrazine as a raw mater-
ial . Exposure to hydrazine vapour was potentially

greatest for men in this category, who may have

been exposed to about 1 to 10 ppm in the ambient i _ Table 2
air .

Category 2-Exposure associated with an inciden-

tal presence in an area of the plant concerned with

the manufacture of hydrazine or its derivatives

(fitters and engineers, for example) . Exposure in this

category was unlikely to have been more than I pp m

and probably less than 0.5 or 1 ppm for most of their
employment .

Category 3-Little or no exposure . Men in this

category were unlikely to have been exposed to hyd-

razine more than slightly and then only infrequently .

The men were followed up to the end of July 1982 1 Other ca n

through the cooperation of the Office of Population

Censuses and Surveys by flagging their National

Health Service records in the National Health Ser-

vice Central Register at Southport .

It was possible to trace 406 (95%) of the 427
men . The 21 untraced men were excluded from the

study from the latest date they were known to have

been living at their last known address, or, in the

case of four men for whom this date was missing,

from the last date of their employment in the fac-

tory . Men who changed from one category of expos-

ure to another were considered to have been at risk

in relation to the highest category to which they had

previously been exposed (see footnote to table 1) .

Table I shows the number of man-years under

observation according to the category of exposure,

duration of exposure, and the number of years since
first exposure. Nineteen per cent of the 8351 man-

years at risk followed exposure in category 1 .

Table 2 shows the numbers of deaths observe d

Table 1 Numbers of men exposed and man-years at risk by category of exposure, duration of exposure, and years since
first exposure

Category Durations of Years since

exposure first exposure

6 months or more all

2 or 3 6 months or more al l

All All

'Men who were first exposed in categories 2 or 3 and who were subsequently exposed in category 1 contributed man-years at ri sk in
categories 2 or 3 initially and to category I after their first exposure in that category. The numbers of men in each category, therefore, add
up to more than 427 in all, as some men contributed to more than one category . Similarly, all men who contributed man-years at risk more
than 10 years after first exposure and for durations of exposure of two years or more also contributed to man-years at risk less than 10 years
after first exposure and to less than two years' duration of exposure .
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. compared with the numbers that would have been

expected if the men had experienced the same death

rate as those of men in the same ages in the sam e

years under years in England and Wales as a whole, subdivided

of exposure, similarly (five year age groups and five year calendar
7f years since periods) . The observed mortality is close to that

e 8351 man- expected for lung cancer, other cancers, and all
gory 1 . other causes, irrespective of the category of expos-
ths observed ure . No deaths occurred from nasal cancer . Two

td years since ease. One had been exposed for two months, the

other for 16 years.
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Occupational exposure to hydrazine and subsequent risk of cance r

Table 2 Numbers of deaths observed and expected by category of exposure , duration of exposure, years since first

exposure, and cause

3 3

Cause of Category Duration of Years since No of deaths
death of exposure exposure firs t

exposure
ObservedlExpected

Lung cancer 6 months to 2 years < 10 0 0-0 5
10 1 061 0

2 years or more < 10 0 0-3 1
a 10 1 Ul s

6 months or more All 2 1 .6 1

2 or 3 6 months or more All 3 50 3

All 6 months or more All 5 6-6 5

Other cancer 6 months to 2 years < 10 0 0 .1 2

a l0 0 04 6
2 years or more < 10 0 0 .42

> 10 0 1 4 8

6 months or more All 0 2 .1 8

2 or 3 6 months or more All 7 7 .1 0

All 6 months or more All 7 92 7

Other causes 6 months to 2 years < 10 0 0.60
>- 10 0 0-70

2 years or more < 10 I 2 .00
a t0 7 7-39

6 months or more All 8 106 9

2 or 3 6 months or more All 29 3486

All 6 months or more All 37 45-5 5
All causes - All 6 months or more All 49 614 7

previously against 1-61 expected .

Production at this plant ceased in 1971 and the

site was cleared by 1973 . Some of the men were

transferred to a hydrazine plant in Cheshire . This

plant is completely open to the general atmosphere,

and exposure levels have been low , typically

0-1 ppm. The highest recorded level has been

3 ppm , during a spillage , and such occurrences are

rare . It is proposed to follow this cohort for further

years .

We wish to thank Dr P Drummond and Dr A J M

Slovak for the help which they gave to this study and

Mr G Harmer, works manager, for his help in trac-
ing employees and categorising them into exposure

groups .

Dr Jillian Boreham is a Laing research fellow in

preventive medicine .

Requests for reprints to : Professor N Wald,
Department of Environmental and Preventive

Medicine, Medical College of St Bartholomew s

Hospital, Charterhouse Square, London ECl .

men with the heaviest exposure died of lung cancer
against 1 .61 expected . Both had first been exposed
more than 10 years before they developed the dis-
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Toxicity Assessment of Hydrazine Fuels
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WILLIAM C. KELLER, D.V.M., M.S .

U.S . Air Force Occupational and Environmental Health

Laboratory, Brooks Air Force Base, Texas

short-ter
acute to :
at this p.
gested h,
significat

determining safe occupational and public exposure lev . toxic or

els . The American Conference of Governmental Indus- ;
trial Hygienists (ACGIH) recommends threshold limit ~ ferent or
values (TLVs) and the National Institute of Occupaf- acute or
tional Safety and Health (NIOSH) recommends envi- I selected
ronmental exposure limits for routine occupational ex of hydra ;

posure to hydrazines (1,17) ; while the National 1are respi
Research Council Committee on Toxicology (COT) re-, doses the
cently proposed short-term public emergency guidances eluding c
levels (SPEGLs) for unusual exposures to hydrazine !ory irrit;

fuels (5). (ity, trem

KELLER WC, Toxicity assessment of hydrazine fuels . Aviat . Space
Environ . Med . 1988 ; 59(11, Suppl .) :A100-6 .

The major health aspects of exposure to hydrazine propellants

are reviewed . Toxic effects of hydrazine fuels on humans and

animals as well as in vitro studies are discussed with emphasis

on recent findings and USAF studies. P ropellant hydrazines have
been found to be genotoxic in in vitro studies and oncogenic in

animal studies . Embryotoxicity has been demonstrated at ve ry
high exposures but not at occupationally encountered levels for

hydrazine and unsymmetrical dimethylhydrazine . Epidemio-

logic evidence to suppo rt these findings is lacking ; however, the
results of animal and in vitro studies have resulted in lowering

both the time -weighted average-threshold limit values and

short -term exposure limits for these p ropellants.
The purpose here is to provide an overview and as'

sessment of hydrazine propellant toxicology. Emphasis

acute ex ;

most pro

will be placed on recent developments in genotoxicity ,', toxicit y,
oncogenicity , and embryotoxicity of these compounds . ! and renal

hemolytb

Acute Toxicity Overview #to
ry irritr

hyperact :

The acute toxicity of hydrazine propellants is a Sig- slams

nifcant operational concern . Table I compares the tox-
icity of hydrazine fuels by the two most likely occupa
tional exposure routes, inhalation exposure and skin

exposure . The MMH is much more toxic than either Hz
or UDMH by either exposure route , with UDMH about
twice as toxic as Hz by inhalation exposure, and Hz . .

about ten times more toxic than UDMH by skin expo-

sure .
Emergency Exposure Limits (EELS ) set for the by-,

drazine fuels by the COT in 1974 (6) are also listed in

Table I . The EEL was a ceiling limit for an unpredict-

able single occupational exposure , usually lasting less

than I h , and never more than 24 h . The EELS were',

recommended for a narrowly defined group of aero-

space workers and reflect the acceptance of the statis-

tical likelihood of the occurrence of nonincapacitating .

reversible effects in an exposed population . The EELS

were not intended for application to a general industrial t
setting and , since they contained no safety factor, were i

prima ri ly designed to avoid substantial decrements to

performance during emergencies . Given the rationale
behind the EELS and the historical time frame in which'

they were recommended , the toxicity parameters of
concern would have been those associated with only t

A LL METHYLATED hydrazines are substituted

derivatives of the parent compound, hydrazin e
(H2NNH2) . The three simple hydrazine bases, hydra-

zine (Hz ), monomethylhydrazine (MMH), and unsym-
met rical dimethylhydr azine (UDMH ) are very reactive,

widely used , and capable of producing a va riety of toxic
effects . A need for high-energy noncryogenic and stor-

able liquid propellants which may be used in combina-

tion with other agents or as monopropellants led to the

introduction of the three hydrazines as aerospace fuels .

Because of the intensive use of hydrazine fuels in the

aerospace industry and resultant potential exposures to
personnel , the U . S . Air Force has conducted extensive
toxicology studies on hydrazine fuels during the past

two decades . As a result of these and other studies, the

adverse effects resulting from exposure to hydrazine

fuels are of signi ficant concern . A number of compre-

hensive reviews of hydrazine fuel toxicology are avail-
able (1,5 ,8,17,21) .

Recent toxicology research has been directed toward
efforts to evaluate the genotoxic , oncogenic , and em-
bryotoxic potential of hydraz ine fuels for the purpose o f

• At the time of this study, William C. Keller, DVM, was Chief,
Applied Toxicology Function , Environmental Health Branch, Con-
sultant Services Division, USAF Occupational and Environmental
Health Laboratory, Brooks AFB, TX . Address reprint requests to
him at : FDA/CVM, DHFES (HFV I54), 5600 Fishers Lane, Rm . 8-70,
Rockville, MD 20857.
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TOXICITY OF HYDRAZINE FUELS-KELLE R

-h

TABLE 1 . ACUTE TOXICITY OF HYDRAZINE

PROPELLANTS BY OCCUPATIONALLY IMPORTAN T

ROUTES OF EXPOSURE (6,17).

Fue l

Exposure Hz MMH UDMH

Inhalation (ppm )

(4 h LCrn in rat) 570 76 25 2

Skin (mg kg-' )

(LD,0 in guinea pig) 93 47 1 .31 4
(974 EEL-10 min* 30 90 100

Inhalation exposure limit in ppm .

short-term exposures ; thus, they represent an estimated

I acute toxicity threshold for workers . We should recall

at this point in time that little data existed which sug-
igested hydrazine propellants were oncogenic nor were

significant data available concerning potential embryo-

re lev.' toxic or genotoxic effects of hydrazine propellants .

Indus : The hydrazine fuels have a variety of effects on dif-
d limill ferent organ systems (5,17) . Table II summarizes the

ccupa acute or short-term effects of hydrazine propellants on
s envi selected organ systems . The predominant components
nal ex' of hydrazine toxicity from acute or short-term exposure
ttional are respiratory irritation, liver damage, and at higher
)T) reI doses the central nervous system (CNS) is affected, in-
.idanceff' eluding convulsions . The MMH is a moderate respira-

t tory irritant which is capable of producing hyperactiv-

4acl
e ytremors, and severe tonic-clonic convulsions from

exposure . Aside from its convulsant activity, the
iost prominent features of acute or short-term MMH

y, oxicity oxicity are methemoglobinemia, hemolytic anemia ,

ounds .~ and renal tubular damage, possibly associated with the
hemolytic anemia . The UDMH is a moderate respira-
tory irritant which is primarily a convulsant resulting in
hyperactivity, tremors, and severe tonic-clonic convul-

; a sig- sions .

he toil
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Genotoxicity of Hydrazine Propellants

Recently, the genotoxicity of hydrazine propellant s
has been extensively investigated . This interest in the
genotoxic effects of hydrazines was stimulated by two

factors ; 1) publication of results of a series of studies on

the oncogenic effects of various hydrazine compounds

on laboratory animals ; and 2) the growing body of evi-

dence that suggests that somatic mutation may be a

primary initiating factor in tumor development . Thus,

hydrazines offered genetic toxicologists an opportunity

to test a related series of known oncogenic compounds

in proposed genotoxicity assays . Therefore, much data

on the genotoxicity of hydrazine fuels were obtained as

a result of investigators using these compounds to cor-

relate the results of proposed assays for genotoxicity

with the previously published results of hydrazine on-
cogenic studies .

Two of the more productive attempts to use short-
term assays to assess hydrazine genotoxicity are those
of Brusick and Matheson and Rogers and Back (3,4,20) .
Brusick and Matheson used a matrix of assays (Fig . 1),
including microbial assays, mammalian cell culture, un-
scheduled deoxyribonucleic acid (DNA) synthesis, and
dominant lethal assays to assess the genotoxicity of
UDMH and MMH . This approach is noteworthy in that
it preceded the popular strategy of matrix testing for
genotoxicity . The approach was designed to allow de-
tection of forward and reverse point mutations, chro-
mosomal aberrations, and mitotic recombinational
events induced by exposure to test substances . Neither
UDMH nor MMH were mutagenic in the microbial
plate assays . The UDMH had a moderately strong mu-
tagenic effect in the mouse lymphoma assay, while
MMH was negative . The UDMH also produced in-
creased unscheduled DNA synthesis in the microsom-
ally activated assay, while MMH was negative . Brusick
and Matheson-concluded from their matrix test for
genotoxicity that UDMH is metabolically activated (b y

TABLE II . COMPARISON OF PREDOMINANT EFFECTS ON SELECTED ORGAN
SYSTEMS RESULTING FROM ACUTE OR SHORT-TERM EXPOSURE' TO HYDRAZIN E

FUELS ( 5 .6,17) .

Fuel s

Hz MMH UDMH

Organ System Toxic effects b

Respiratory
(irritation) + + + + + +

Live r

(fa tty change ) +++ + + +
Kidney ++ +++ +

Central ne rvous syste m
(convulsions)

(fatty change )

+

( renal tubular damage )

+++ + +
Blood ++ +++ +

iustrial (hemolytic anemia,

WWI
methemoglobinemia)

r ,

entS N
Skin +++ ++

(necrosis) (hyperemia/edema)
.tio

(transient erythema )

I ' In general longer-term exposures (90 d to I year) or more intense exposures produce more consistent
:tern or pro found nononcogenic effects than sho rt-term or acute exposures for the same organ systems .

th oill), b + least , + + moderate, + + + most severely effected .
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I
GENOTOXICITY T ESTING MATRIX

IN VITRO FOWARDING MUTATION INDUCTION DOMINANT

PLATE ASSAYS TESTS USING OF UNSCHEDULED LETHAL

WITH SALMONELLA MOUSE LYMPHOMA DNA SYNTHESIS ASSAYS I N

TVPHIMURiUM L517BY CELLS IN WI-38 MICE AND

(UDMH POSITIVE) CEtLS RATS

(UDMH POSITIVE) 11 J
J

I I T

DETECTION OF POINT MUTATIONS

EVALUATIONS FOR GENERAL GENOTOXIC ACTIVIT Y

Fig . 1 . Composition of UDMH and MMH genetic toxicity eval-

uation program . MMH was negative in the matrix (3,4) .

TEST SUBSTANCE

DETECTION OF DETECTION OF

UCItED CHROMOSOME
DNA REPAIR ABERRATIONS

liver microsomes) to an intermediate that is genotoxic,
while no conclusion could be reached for MMH .

Rogers and Back (20) used a somewhat different ap-

proach in testing the three hydrazine fuels . Instead of
using a matrix of different genotoxicity assays, they

used one system, the mouse lymphoma cell assay .

However, four separate selective nutrient systems were
used to select for mutant phenotypes arising from for-

ward mutation. Their results correlate with those of
Brusick and Matheson in that only UDMH and Hz pro-

duced mutants .
The most consistent and productive effort in investi-

gating the basic mechanism of genotoxicity of hydrazine
propellants was done by Shank and coworkers (2,13,22-

24) . They demonstrated the Hz but not MMH exposure
resulted in substantial aberrant methylation in liver

DNA . Assuming that Hz oncogenicity involves chemi-

cal alteration of DNA, DNA methylation could be a

possible genotoxicity mechanism for Hz . A series of

reports from this laboratory have shed light on Hz-DNA

interaction, particularly within the liver . Recent find-

2 HCHO + H2NNH2

I It

-H20 s

, H2

N

HN CH3 N=N-CH2O H

1+ 1120

dE :
IY

Fig. 2 . Possible pathway for intracellular formation of elec-

trophilic DNA methylating agent by condensation of Hz ( 11) and

endoganous formaldehyde ( 1) which yields formaldehyde by-

droxymethylhydrazone (111) . Tetraformyltriazine ( IV) may be an

intermediate. Rearrangement could result in formation of meth-

ylazomethanol (V) which could be metabolized by alcohol dehy-

drogenase to methyldiazonlum Ion (VI), the potential electro-

TOXIC

ings show the alcohol dehydragenase dependence of Hzl each ft
induced DNA methylation . dose-related liver DNA' exposu

methylation in chronic Hz exposures . the association , fuel . Ti

between endogenous formaldehyde and Hz induced? is not c

DNA methylation, the finding of even higher liver DNA I halatiol
methylation produced by potent liver carcinogens such ; tional L

as dimethylnitrosamine . and the identification of a pos. I tratiom
sible intermediate, tetraformyltriazine . which is several recomr

times more potent in DNA methylation than Hz . Shank compo

and coworkers have postulated a scheme involving the low-do

condensation of endogenous formaldehyde and exoge .I Rest :

nous Hz, resulting in formation of an electrophilic in-1 all thre

termediate which is subsequently activated to the DNAI mors it

methylating agent (Fig. 2)- sides,

When the results of these and other studies are com halatio
bined, a more coherent picture of hydrazine fuel com- expos[:
parative genotoxicity appears (Table III) . Both Hz and' genic
UDMH are generally accepted as being moderately ; Table
genotoxic, with methylation of DNA as a possible be bio
mechanism of action for Hz . while MMH is generally' tumor
considered to have less genotoxic potential . t systetr

colon

Oncogenic Effects of Hydrazine Fuels •I Chrr
sions i

The oncogenic potential of hydrazines has been sus- specie
pected for some time (17) . However . in reports of epi- organs

demiologic investigations of Hz exposures . Roe (19) and the up
more recently Wald and coworkers (25) concluded that . side th
the observed mortality from all causes, and from spe-I monly
cific causes such as lung cancer suggested no adverse, cation

effects from Hz exposure. Wald et at . cautioned since hypen
the number of men studied was small . only more ex- and p!

treme Hz-induced effects would have been detected. cysts .
No similar epidemiologic studies are available for MMH ' hamst

or UDMH. I mors
Although a number of investigators have reported the mas,

oncogenicity of hydrazines in laboratory animals, the# and It
most useful studies from the standpoint of occupational indica
toxicity assessment are the long-term inhalation studies I dibula
reported by MacEwen and coworkers (9,12,16) . These) chron.
studies were designed to evaluate the adequacy of the' Liver

occupational exposure limits . The studies included sev- Howe
eral species, and with the exception of one UDMH ; only i
study, which lasted 6 months . all exposures were con- I tion, :
tinued for 1 year . The exposure represented an indus MacE

trial type schedule of 6 hd-' . 5 d-week-' . Animals media

were maintained for at least I year postexposure, unless Ch,

animals died or were selected for interim killing prior to specie
the terminal killing date . A variety of exposure concen- more

trations were used, ranging from below the TLV for' and r

TABLE 111 . ASSESSMENT OF HYDRAZINE
' TABL

S

Assay UDMH MMH Hz

Microbial

Mouse lymphoma
Unscheduled DNA synthesis

Dominant lethal

+
+l Fue l

MMH
UDM I-

- Hz

Results compiled from Brusick and Matheson . and Rogers and Back Zz~
for UDMH and MMH (21A .20) : and Epstein . Rogers and Back, and I h „apes
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3I Hz each fuel to 5 ppm . Table IV lists the high and low

DNA exposures for each species as well as the TLV for each

atia.fuel . The value of these studies for toxicity assessmen t

D

such

I pos-
;Veral

;hank

ig the

xoge-

ic in-
DNA

s not only that they were well-controlled long-term in-
halation studies (inhalation being the primary occupa-

tional exposure route), but that the exposure concen-

trations were selected to provide a range bracketing the

recommended occupational exposure limits for these

compounds, thus avoiding the difficulties of the high- to
tow-dose extrapolation process .

Results of these long-term inhalation studies revealed
all three hydrazine fuels produced exposure-related tu-

mors in a variety of organs in at least two species . Be-
sides, the exposure-related effects were different for in-

com- halation exposure than for the previously reported oral

com- exposures (9,12,16,17) . Significant target organs, onco-

z and genic lesions , and other chronic lesions are listed in

rately Table V . Emphasis was placed on tumors considered to

ssible be biologically significant . An example of this type of

erally . tumor would be the unusual malignant upper respiratory
system tumors found in UDMH-exposed mice and the
colon tumors found in Hz-exposed hamsters .

Chronic inhalation exposure to MMH produced le-

sions in all three species ; however, the most susceptible

n sus- species was the mouse (12) . The two principal target

if ePi- organs were the liver and respiratory system, especially
9) and ' the upper respiratory system . Oncogenic findings out-

d that, side these organs were limited to adenomas seen com-
a spe.' monly in control animals . Both target organs had indi-

iverse, cations of chronic insult with inflammation , cysts and
since

re

ec

hyperplasia occurring in the upper respiratory system ,

d pleomorphism, bile duct hyperplasia, angiectasis ,
cysts, and inflammation occurring in the liver of th e

MMH ( hamster and mouse . A significant increase in rare tu-
mors of the upper respiratory system including papillo-

ed the, mas, adenomas and osteomas was seen in the mouse

s, the and hamster . These benign tumors are probably also
ttional indicative of chronic insult . Lesions found in the man-

tudiesl dibular lymph nodes of mice are also indicative of
These chronic inflammation of the upper respiratory system .

of the Liver tumors included both benign and malignant types .
d sev- However, these tumors occurred at significant levels
'DMH ;only in the mouse at the highest exposure concentra-
e con-j lion, 2 ppm . From results here and other chronic studies
Indus-1 MacEwen and coworkers classified MMH as an inter-
mmals, mediate oneogen .
unless Chronic inhalation of UDMH produced lesions in two
rior tol species, the mouse and the rat (9) . The mouse was the
oncen more severely affected . Only benign tumors of the lung
_V for' and pituitary were found in the rat . The mouse had a

TABLE IV. HIGHEST AND LOWEST EXPOSURE FOR EACH
SPECIES AND TLV FOR EACH HYDRAZINE FUEL .

ad

Exposure (ppm )

High Low TLV

2"' 5h•` 0.02"''` 0 .2h 0. 2

5 0.05 0 . 5
im 5h. . o.o5mr 0 .25h 0 . 1

Verscnack pt on each exposure designates specie 's : r-rat , m-mouse,
-h hamster.

broad distribution of tumors ; however, as with MMH,

the most severely affected organs were the respiratory
system and the liver . Lesions of the respiratory system

included inflammation and other indications of chronic
insult including a variety of rare but benign tumors of

the upper respiratory system and the more common

lung adenoma . Liver lesions included a variety of be-

nign and malignant tumors similar to those seen for

MMH . These lesions were seen sporadically at 0 .05

ppm . From results of this study and others, MacEwen

and coworkers concluded that UDMH was an interme-

diate oncogen .

These oncogenic findings were similar to those re-
ported by other investigators (17) ; however, because of

the presence of the oncogenic contaminant, dimethylni-

trosamine (DMNA) in fuel grade UDMH, the etiology

of tumors arising in animals exposed to UDMH was

uncertain . Therefore, a follow-up study was conducted

using pure UDMH. From this study, MacEwen and co-

workers were able to demonstrate that other previous

oncogenic findings and the findings of their study could

not be explained by the DMNA contaminant .

Chronic inhalation exposure to Hz produced lesions

in all three species (Table V) . The rat and hamster ap-

peared to be more severely affected ; however, both spe-

cies were exposed to a high dose of 5 ppm, while the

mouse was exposed to only I ppm due to anticipated

greater susceptibility to Hz (16) . A significant increase
in benign and malignant colon tumors and benign tu-

mors of the upper respiratory system was seen in the
hamster- The most severely affected organ system in

the rat was the upper respiratory system . Lesions in-

cluded inflammation and other indications of chronic
insult . Both benign and malignant epithelial tumors of

the nasal epithelium were found . However, these were

small and could be seen only microscopically . In addi-

tion, thyroid carcinoma was found only in the male rat .

Similar effects on the upper respiratory system have

been found with chronic inhalation exposure of rats to

formaldehyde . Since formaldehyde has a long history of

use and no evidence of increased nasal cancer has been

found, it is possible that the chemical irritant-associated

lesions found in the rat and hamster may be associated

with reactions that are characteristic of the rodent tur-
binate epithelium rather than with general oncogenicity

of Hz or formaldehyde . Although benign tumors were
found in the nasal epithelium of rats at 1 ppm, malignant

tumors of the nasal region and thyroid were only found
at the 5 ppm exposure level . From these results Mac-

Ewen and coworkers concluded that Hz was a relatively

weak oncogen .

Thus, the long-term inhalation studies reported by
MacEwen and coworkers substantiated reports of ear-

lier studies (17), which used nonoccupationally encoun-

tered exposure routes, that long-term exposure to hy-

drazine fuels does produce tumors in laboratory

animals . These studies also demonstrated that the upper

respiratory system may be a target organ during chronic

inhalation exposure . These studies also suggest these

fuels are not highly potent, selective oncogenic agents,

but that hydrazine fuel associated tumors, particularly
those in the upper respiratory system, arise as part of a
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TABLE V . SELECTED CHRONIC FFECTS OF HYDRAZINE FUELS .E

Upper
Respiratory

Fuel System Lung Liver

MMH

Epithelial Adenoma"' Hemangiomam

Tumors Benign'" Hemangiosarcomam

Osteomam Adenoma"'

Carcinoma" '

Other Inflammation" Atelectasiss Hepatitis"

Chronic Cysts" Cysts "•m

Effects Hyperplasia" Bile duct

hyperplasiam
Angieclasis"
Pleomorphismm

UDMH
Epithelial Adenoma'"-` Hemangiomam

Tumors Benign'" Hemangiosarcomam
Malignant ' Adenoma'"
Osteomam Kupffer cel l

sarcoma"'

• Other Inflammation "' Congestion'" Angiectasism
Chronic Hyperplasiam Perivascula r
Effects Dysplasiam cufngm

Hz

Lymphoid

hyperplasiam

Hyperplasiar

Epithelial Adenomam
Tumors Benignh•r

Malignantr

TOXI C

This se t

The thr
arget Organs mg-kg
Castro-

intestinal Lymphatic
System Adrenal Thyroid System Pituitar y

Duodenal Adenoma" Adenoma'
Adenoma'"

lymph nodes)"'

Plasmacytosism

Hemorrhage

(mandibular

. greater
I the m e

anomal

the me

lhality

bryoto
It i s

during
Thus .
est su ;

give n
gestat :

initial
susce t

Carcinoma"' Malignant Adenoma' mos t

Amybid-

osis "

Colon Carcinomas

weigh

obser

• deten

lion d

Bevel

tionai

the n

high-

indus

rat s
or5t

The,
ppmexpo
icily
also
imer
with
Mart

lymphoma' "

Other Hyperplasiar Epithelial Amyloidosis " Colitis" Amyloidosis" Lymphadenitis"
Chronic Metaplasiar hyperplasiar Hemosiderosish Hyperplasiar
Effects In flammations Bile duc t

hyperplasia"'r

Cyst"

Superscript on each lesion designates species : r-rat, m-mouse , and h - hamster .

broad-based biological reaction to a long-term chemi-
cally-induced stress .

Hydrazine Fuel Embryotoxicit y

The number of women in the U .S. Air Force has risen
steadily in the past few years . Women currently repre-
sent about 17% of USAF recruits . The increased pres-
ence of young women in the U .S. Air Force has pro-

duced concern about the potential hazard of chemical

exposure to pregnant women. No embryotoxic effects

have been associated with occupational exposure to hy-

drazines (5,17), although a number of occupational ex-
posures of women have been reported . A few investi-
gators have reported the results of animal studies which

evaluated the embryotoxic potential of hydrazine fuels
(10,11,14,15) . In one study, pregnant rats were admin-

istered 10 to 50% of an LD50 (intraperitoneal) of MMH
or UDMH daily during the period of embryogenesis (d
6-15 of pregnancy) . The results from this study indicate
the embryotoxic effects of MMH and UDMH in the rat
are present only at maternally toxic doses . Maternal

maternally toxic doses . Embryotoxicity was manifested caps
by UDMH as decreased fetal weight and possibly an bry

c
tcit}

increase in embryolethality and fetal abnormalities . Un- ;
fortunately no other species have been evaluated fo

r MMH or UDMH embryotoxicity. ' env

The embryotoxic potential of Hz has been studied I are
more extensively than MMH or UDMH (10,14,15) . Hy- atot
drazine has been evaluated in both the rat and mouse

; due

and from occupationally important exposure routes . Ini-
tial studies in the rat were carried out similar to those ofp'
described for MMH and UDMH, and indicate that Hz ;

embryotoxicity, like that of MMH and UDMH, appear s

to occur only at maternally toxic doses . Just as with ,

UDMH, this embryotoxicity is manifested as decreased .I

fetal weight and increased embryolethality . Hydrazine
embryotoxicity studies in the mouse were performed in

a manner similar to the rat ; however, the pregnant mice
received hydrazine only during the first part of embryo-

genesis (d 6-9), rather than throughout the entire period 1

of embryogenesis . In the mouse, embryotoxicity oc-

curred at a higher dose and was manifested by the oc
r,irrpnre of anomalies (minor malformations) rathe r
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1-,M is relationship appears to hold for the embryo as well .
The threshold for embryolethality in the rat is 2 .5 to 5 .0
mg.kg-' while it is 20 to 30 mg-kg-tin the mouse . This

resistance to the mbr olethal effects of Hr e z in

a

ygreate
the mouse may be responsible for the occurrence of
anomalies as the initial indication of embryotoxicity in
the mouse as opposed to the occurrence of embryole-

Adenonu thality in the rat . Still for both species, threshold em-

Adenoma'

bryotoxic doses of Hz also produce maternal toxicity .
It is well known that embryotoxic agents are activ e

during limited portions of the period of embryogenesis .
Thus, it was important to determine the period of great-
est susceptibility to Hz . To do this, pregnant rats were
given 20% of an Hz LDso, daily for 3 d, during either
gestation d 7-9, 10-12, or 13-15 . We determined that the
initial period of embryogenesis (d 7-9) was the most

susceptible period to Hz toxicity and that d 9 was the
most sensitive day . Embryotoxicity was manifested pri-
marily as embryolethality ; although decreased fetal
weight and a significant increase in anomalies were also

are embryotoxic only at exposures which are also ma-

ternally toxic, provided occupational exposure limits
are not exceeded . This assumption would not be valid

for agents which are selectively embryotoxic .

Conclusion

The extensive use of hydrazine fuels within aerospac e
systems evoked a concurrent concern for potential tox-

icity resulting from occupational exposure to these

fuels, and a need for an updated toxicity assessment of

these fuels . A critical evaluation of the toxic effects (end

points) resulting from exposure is a fundamental com-

ponent of toxicity assessment . In assessing the toxicity

of agents with multiple toxicity end points, such as hy-
drazines, all the end points must be evaluated and the

most important or sensitive one identified for use in the

hazard assessment process . Although the acute toxicity

of hydrazine fuels was well-known a decade ago, little

information was available concerning hydrazine fuel

genotoxicity, potential effects of long-term inhalation

exposure to low levels of hydrazine fuels, and possible

embryotoxic effects of occupational hydrazine fuel ex-

posure to pregnant women . However, as a result of

recent hydrazine fuel toxicity studies, the relative im-

portance of these end points has been determined and

new, more sensitive toxicity end points have been es-

tablished . These new end points have resulted in re-

vised hazard assessments . For instance Table VII lists

the COT 1974 public emergency limits (PELs), no ob-
served effect levels for embryotoxicity (10,15), effective

exposures for oncogenicity in laboratory animals (16),

and the more recently established COT short-term pub-

lic emergency guidance levels (SPEGLs) for hydrazine

fuels . A comparison of toxicity end points is most

readily done with Hz, since inhalation exposure data are

available for all end points and embryotoxicity data are

available from two species for Hz . Similar comparisons

can be made for UDMH and MMH, although the em-

bryotoxicity data are less extensive, and interpretation

of oncogenic study results, especially for UDMH, may

be more tenuous than for Hz .

It is readily apparent from comparison of the Hz data
in Table VII that the effective exposure of I ppm for
oncogenesis and >50 ppm for embryotoxicity identifies
oncogenicity as the most sensitive toxicity end point .

Thus, a comparison of the data in Table VII suggests
that hazard assessments for Hz be based on oncogene-
sis . In addition, the oncogenic response occurred at a
sufficiently low concentration to warrant reevaluatio n

observed . Maternal toxicity was again observed . The
determination that a short-term Hz exposure on gesta-
tion d 9 could produce significant embryotoxicity in the
developing rat embryo, coupled with reports of occupa-
tionally encountered spills and leaks of Hz, suggested
the need to evaluate the effects of a single, short-term,
high-level exposure such as occasionally occurs during
industrial accidents . To accomplish this study, pregnant
rats were exposed on gestation d 9 to either 50 mg•kg- t
or 5 mg•kg- of Hz by skin application for 30 min or 500

ppm or 50 ppm Hz through nose-only inhalation for I h .
The results of this study are presented in Table VI . Both
exposure routes were effective in producing embryotox-
icity as manifested by embryolethality . However, it was
also demonstrated that in the short-term exposure reg-
Imen, embryotoxicity also occurred only in conjunction
with maternal toxicity. Thus studies in rodents, partic-

ularly the rat, suggest that Hz and possibly UDMH, ar e
nanifested capable of producing embryotoxicity, however, this em-
ossibly an' bryotoxicity occurs concurrently with maternal tox-

ilities . Un•j icity .
duated fort Hydrazine fuels appear to be similar to many other

environmentally encountered chemicals, in that they
en studied) are not selectively embryotoxic, such as the classic ter-

f4,15) . Hyi atogenic drug, thalidomide, but may be capable of pro-

nd mouse;) ducing embryotoxicity at maternally toxic doses . An

-outes .Ini• important distinction can be made between these two
ar to thou types of embryotoxic agents . A reasonable assumption
it that P of safety can be made for the embryo, for agents whic h

H, appears!
ist as wlti t

decreased!
Hydrazine
rformed in
gnant mi ce
of embryo- '

Iitire period

oxicity oe'!
by the oc-

ms) rather
re resistant
ItWts)I

t

TABLE VI . HYDRAZINE EMBRYOTOXICITY IN THE RAT .

Exposure

High Low Control
(% Embryolethality) Malformation s

Exposure route

intrapentoneal
(10 mg ' kg -', days 7-9) 81 N• N Ye s

Skin absorption, day 9

(5 and 50 mg • kg-', 0 .5 h) 98 10 4 No
Inhalation, day 9

(50 and 500 ppm, I h) 48 3 4 N

Not observed .
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TABLE VII . IMPACT OF TOXICITY ASSESSMENT ON RECOMMENDED EXPOSURE

GUIDANCE LEVEL FOR Hz, MMH, AND UDMH .

Exposu re levels (ppm)

1-h PEL I-h SPEG L

(1974) Oncogenicitya Embryotoxicitys (1985 )

Hz 10 1 50 0 .12

MMH 15 2 10? 0 .24

UDMH 30 0 .05 30 0 .2 4

a Lowest level at which oncogenic effect was seen in two species .

Highest dose at which embryotoxic effect was not seen .

of the Hz exposure guidelines . Similar conclusions can
be reached for the other two hydrazine fuels . Conse-
quently, emergency guidelines from COT have been
lowered. In addition, the ACGIH TLV for Hz was low-
ered from I ppm to 0.1 ppm. The studies reported by
MacEwen and coworkers suggest that routine occupa-
tional exposure guidelines for MMH and UDMH should
also be reevaluated .

This toxicity assessment must, however, be recog-
nized as an interim assessment since the questions re-
mained unanswered . Although the area of genotoxicity
has experienced recent major findings, such as aberrant
methylation of DNA by Hz, the significance of this find-
ing for oncogenesis has yet to be determined ; and geno-
toxicity assessment has yet to make a significant impact
on the toxicity assessment process . In addition, the rel-
ative oncogenic potential of unusual, short-term, high-
level exposure to hydrazine fuels as opposed to routine,
long-term, low-level exposure to hydrazine fuels has yet
to be determined . Finally, the relationship between ma-

ternal toxicity and embryotoxicity, particularly under
circumstances of high-level, short-term exposures re-
mains largely uninvestigated for hydrazines, as well as
most other chemicals . Resolution of these questions
may have a significant impact on future toxicity assess-
ments of hydrazine fuels .
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Thoughts Of An Acrobatic Team Pilot
In true fighter pilot style my colleagues were strapped in and started up before

I had even settled into the cockpit, but I refused to be rushed . I wanted to make

sure that I was comfortable and secure before I gave the thumbs up . As we

rolled onto the runway it was all becoming familiar again , just as if I had never

been away, except for a slight tendency first to overcontrol . To be on the safe

side, as we formed up , I eased out a bit. Although each pilot is cacooned in

steel tubes and bracing wires, isolated from his colleagues yet almost near

enough to reach out and touch them, he experiences a sense of unity and trust

that is perhaps unique in aviation . Each man flies steadily and unwaveringly,

knowing fu ll well that his life is in the hands of the others. One is more conscious

of responsibil ity to one's fellows than of the element of personal danger .

The Smoke Gets in Your Eyes. Neil Williams Shell Aviation News, No . 441 : 2.7, 1977
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Occupational Hazards of Missile

operations With Special Regard to

the Hydrazine Propellants

KENNETH C. BACK, VERNON L . CARTER, JR ., and ANTHONY A .

THOMAS

Toxic Hazards Division, 6570th Aerospace Medical Research

Laboratory, Wright-Patterson Air Force Base, Ohio 4543 3
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stantial quantities of these agents are presently man

factured, stored, and shipped in the USA . The materii

are all quite toxic and present a potential hazard f

personnel who handle or are in contact with them and

any and all use conditions . In addition, they may po

a hazard to the general population, if accidentally r

leased into the general environment, as a result of mi

site malfunction or transportation mishap . Consequent)

propellant toxicology has become one of the major are

for USAF research in toxicology . Early work was d

signed to produce data on the acute and subacute effec

of the propellants in order to set standards for test at

operational procedures to protect propellant handler

The early work indicated that, despite similar chemic

characteristics, there were marked differences betwec
the compounds in terms of toxicological mechanise

All of the compounds produce different levels of cents

nervous system irritation (convulsions) as well as ey

skin, and respiratory tract irritation. The magnitude

these effects varies widely among the three, and tv

have rather unique actions . Hydrazine can cause hem
lytic effects in man and animals . Experimental studi

have indicated that the convulsant action of UDMH at

MMH can be aborted by the use of Vitamin B6, thou ;

the agent is ineffective against hydrazine toxicity. Sin•

the propellants and some systems have been in use f

about 15 years, the emphasis on toxicology has bee

centered on the more chronic effects . Of further conce

is an increasing body of evidence from some anim

experiments that hydrazine and some of its derivative

as well as MMH and UDMH, may possess oncogen

potential as well as chronic systemic effects . Furth(

some manufacturing processes for MMH and UDM

require the use of an oncogenic compound, N-nitr,

sodimethylamine , which may remain as a trace cont ar

leant . With the advent of new occupational safety at

health standards required for potential c arcinogens

advocated by the Environmental Protection Agency at

the Occupational Safety and Health Administration,

has become mandatory to produce data which can I
useful in the evalua tion of oncogenic potential for tl

hydrazines. This presentation will address itself to da

leading up to present stand ar ds , such as the Thre sbo
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The second generation of ballis tic missiles and boosters,

ebara ct erized by increased range and quick reaction capability,

required the development of new high- energy, storage propell ants .

This exploration led to the introduction of hydrazine

(111), monomethylhydrazine (MMH), and 1,1-dimethylhydrazine

(UDMH) Into the USAF Inventory. These compounds are all

Iorable, noacryogenic, high-energy fuels which may be used

&ne or in combination as mixed amine fuels . Early toxicology

bperiments we re to p roduce data on acute and subacute effects

d the propellants In order to set standards for test and opera-

lmal procedu res to protect propellant handlers . The early work

btlcated that, despite similar chemical characteristics, there

were marked differences between the compounds in terms of

toxicological mechanisms. Since the propellant systems have

ken used for some 15 years, recent emphasis on toxicology has

ken centered on the more chronic effects and on an incre asing

kdy of evidence from animal experiments that the compounds

may possess oncogeaic potential as well as chronic systemic

e9ects . This paper addresses itself to data leading up to current
Ecupational stand ards .

T HE SECOND GENERATION of ballistic missiles
and boosters, characterized by increased range an d

quick reaction capability, required the development of

Dew high-energy storable propellants . This exploration

led to the introduction of hydrazine (Hz), monomethyl-

hydrazine (MMH), and 1,1-dimethylhydrazine (UD

MR) into the United States Air Force inventory . These
compounds are all storable, noncryogenic, high-energy

fuels which may be used alone or in combination as

mixed amine fuels . Further, hydrazine and its derivatives

rue finding increasing commercial application as inter-

mediates in the synthesis of other products . Hence, sub-

e experiments reported herein were conducted according to

-_"Guide for the Care and Use of Laborato ry Animals . "
HEW 73-33 .
Aeprints of this article are identified by Aerospace Medica l

h Laboratory as AMRL-TR-76-43 .

e dedicated, careful attention to the edi ting and manual
ration of this manuscript by Patsy 1 . Gergely is greatl y

'reciated .
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• Limit Value, Emergency Tolerance Crite ria, Criteria for

Sho rt-Term Exposure to the Public, and oncogenic po-
tential of these hydrazines .

The recent rapid adv ances in aerospace technology

have brought about an increasingly complex chemical

environment in which man must operate effectively in

the research laborato ry, in the giant governmental and

indust rial field complex, and in the relatively new en-

vironments of space and deepest oceans . Chemists and

materials engineers are spawning new chemicals and

new uses for old chemicals at a rate infinitely faster than

toxicologists , pharmacologists , and industrial hygiene

and industrial medicine personnel can cope with the

many-faceted problems presented by these compounds .

The second generation of ballistic missiles and boosters,

characterized by increased range and quick-reaction ca-

pability, required the development of new high -energy

storable prope llants . The Department of Defense, the

National Aeronautics and Space Administration , and the

Federal Aviation Agency, as well as many private and

industrial concerns, have been instrumental in sponsor-

ing a great deal of research in the areas of propellants,

fuels, oxidizers , and other chemicals . Unfortunately, the

price for increased energy content has been increased

reactivity and biological activity . Consequently , propel-

lant toxicology has become one of the major areas for

United States Air Force (USAF) research . To under-

stand an d properly evaluate the health hazards peculiar

to a certain prope llant or, indeed, any chemical com-

pound, its pharmacological properties must be investi-

gated , the pathways of metabolism , absorption , distri-

bu tion, excretion , and the type and ma gnitude of

pathology must be established , and diagnostic and ther-

apeutic methodology must be developed . Based on these

factors, tolerance criteria can be recommended for per-

sonnel who are in contact with these compounds under

any and all use conditions,

Another major area of research concerns environ-

mental pollution that results from large -scale and ex-

tended propellant and motor test operations. In this

instance, other byproducts of propellant usage become

increasingly impo rtant . Combustion products, motor ex-
hausts, chemically treated wastes , and products reacting

with the environment possess potential toxicity to animal

and human life, vegetation , and soil microflora . The

most important potential problem is pollution of com-

munity air and water around large -scale industrial re-

search and development operations. The sources for

such pollution are either acute (large spills , transporta-
tion accidents , waste disposal , test firing of motors) or
cumulative ( venting and flare-off of propellant vapors,

routine decontamination procedures , long term opera-
tions) . Evaluation of the environmental pollution profile

of a specific propellant operation requires both con-
trolled experimental laboratory studies and on-site field
inves tigations using mobile analytical laboratories .

Two major problem areas are peculiar to aerospace

operations . The first is the type of exposure that is usual-

ly encountered by USAF personnel . Contrary to the

industrial type of exposure during the production of

propellants , where frequent daily low-level exposure

occurs and industrial Threshold Limit Values (it
are applicable for protective purposes, most of the f i
operations are characterized by infrequent short-d
tion, high-level exposures that are generated b y

activities or by accidental release of propellants. Un
the latter circumstances, TLVs are meaningless
become extremely difficult to live with . In the past
years, much research effo rt has been expended in chat.
acterizing tolerance to high-level , sho rt-duration e
sure , and in establishing Emergency Exposure Limi

(EEL) for missile operators .

The establishment of scientifically valid and saj
EELs requires extensive animal experimentation , highl,
specialized inhalation facilities , and the application
psychopharmacological p rinciples in addi tion to
classical pharmacological and toxicological methods.

philosophy of emergency exposure is predicated o n
cardinal assumptions : a) nobody will be intentio n
exposed to high concentra tions of propellant vapo
under ordinary circumstances ; b) if exposed , subjec ti
and objective symptomatology may occur but pathol o
should be reversible ; and c ) while discomfo rt an d
thology are tolerable , performance of the operator m
not be impaired. On the basis of animal and any hu m

exposure data available , EELs are recommended

either the American Conference of Governmenta l

dustrial Hygienists or by the Committee on Toxicolop
National Research Council, National Academy of

ences .

Of course , in the establishment of the TLV or E

increasing emphasis has been placed on the possi b

that a compound may possess teratogenic , mutageni c

oncogenic potential . A large amount of very expen

and time-consuming effort is being expended in this

gard .

Inasmuch as the literature is quite voluminous c

cerning the toxicology and pharmacology of the pr o

lant hydrazines, this paper will deal only with pertin
information published since 1970 . For details of e a
data one is referred to two comprehensive review
titles (2,3) . The most recent review of health ha z
from hydrazine (Hz), monomethylhydrazine (MMH !
and 1,1-dimethylhydrazine (UDMH ) was accomplish
by the Committee on Toxicology, National Rese a
Council, National Academy of Sciences , and publis
in June 1974 (24) . We are in complete agreement t

the findings and interpretations in this document, whi
very adequately covered animal toxicity data ; abso
tion, distribution, and excretion ; effects on metabol i
and enzymes ; target organ effects and tissue pathol

carcinogenicity and mutagenicity ; human health el f
and therapy of intoxication . The document also costa

an extensive and excellent list of references from
United States and world scientific literature .

NEW TOXICOLOGY DEVELOPMENTS

The most significant impact of the recently comple
and currently ongoing research is in the area of safe

margin for Threshold Limit Values (TLV) and o n
genic potential of the three hydrazine propellants :

a) The safety margin for the hydrazine TL V
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tested by inhalation exposures in animals and was found

nonexistent ( 12,20) . As a result , the TLV committee
has already tentatively lowered the hydrazine TLV from

1 .0 ppm to 0 . 1 ppm in the 1975 pamphlet under "Notice
of Intended Changes ." Although our referenced experi-

ments were not designed as oncogenic studies, mice kept

for 1 year postexposure observation have shown a dose-

dependent increase in alveolargenic carcinomas com-
pared to controls . This finding , coupled with other re-
ports from the literature ( feeding studies ), has also
placed hydrazine on the A2 list of "Occupational Sub-

stances Suspect of Oncogenic Potential for Workers"

(35) .

b) UDMH has also been implicated to be tumo rigenic
by oral administration in drinking water in the mouse

(28,36 ) but not in the rat ( 1), and no long-term inha-
lation exposure studies were done .

c) MMH has been similarly implicated to be tumori-

genic in the hamster (36,37 ) when ingested in d rinking
water ; however, a recently completed similar study using
hamsters in our laboratories ( 22) failed to confirm the
high incidence (43%) of Kupffer cell sarcomas obse rved
by Toth .

d) There are no known cancer cases among hydra-
tine, MMH, and UDMH propellant manufacturing and
handling personnel as of today .

Because of the demonstrated oncogenic poten tial of
all three hydrazine propellants in either the mouse or

the hamster, but not in the rat, by the oral route in stud-
ies completed elsewhere, our obse rvations on hydrazine-
exposed mice by the inhalatory route, and the recom-
mendation of the Committee on Toxicology , National
Research Council, National Academy of Sciences repo rt
(24) that "additional research on the potential carcino-

genicity of these compounds should be conducted,"

definitive oncogenic dose-response studies have been
ini tiated in our inhalation exposure facilities using large

numbers of mice, rats, and hamsters , and a limited
number of dogs, as biochemical indicators. The UDMH
and hydrazine exposures have been completed, and

MMH exposures initiated .

Effects on Animals

1 . Acute Toxicity :

a) Hydrazine (Hz), Monomethylhydrazine (MMH),
and Unsymmetrical Dimethylhydrazine (UDMH) .

Darmer and MacEwen exposed dogs, monkeys, and
tats by inhalation to I ppm MMH for 24 It (4) . No
adverse effects were observed during the exposure, in

we clinical chemistries obtained biweekly during the
3D-d postexposure period, nor in histopathological ex-

Imination of the animals 30-d postexposure .

In preparation for the use of hamsters as one of the
kst species in oncogenic studies of the propellant Hz,
mbalation studies were performed to determine the acute
1bality to this species . MacEwen and Vernot (21)
atablished the 1-h LCao's for MMH, UDMH, and Hz

991 ppm, 2271 ppm, and 2585 ppm, respectively.
4{8 three compounds caused severe respiratory irritation
and central nervous system effects. Convulsions were
Produced after exposure to MMH and UDMH but not

following exposure to Hz vapors . However, exposure
Hz vapors, regardless of concentration, resulted in
vere hair loss to hamsters . All three compounds caus
significant lung, liver, and kidney damage, even at t
lowest levels tested in this study . These results indica
that although the hamster is less susceptible than the r

or the mouse, it reacts to toxic levels of these three car

pounds in a similar manner to that reported for oth
species.

2. Repeated Dose Toxicity :

a) Monomethylhydrazine (MMH) .

In an effort to determine a true no-effect level ft

chronic exposure to MMH, Darmer and MacEwen co;
ducted continuous 90-d inhalation studies on dog
monkeys, and rats (4) . At 0.1 ppm, rat growth rat(
were significantly reduced although organ weights ar

organ-to-body weight ratios were not significantly a
tered. The dogs demonstrated significant increases i
serum phosphorus and alkaline phosphatase values ;
this exposure level and were the only species to demo[

strate gross pathologic changes characterized by nutme
appearing livers . No adverse effects attributable to e ;
posure were seen in the 0.04 ppm-exposed animal
This study complemented a previous study by Han

(11) where dose-related toxic responses were observe

in dogs, monkeys, rats, and mice exposed to 2 and

ppm MMH intermittently for 6 months .

b) Hydrazine (Hz) .

Results of 6-month intermittent and continuous H
inhalation exposures to mice, rats, dogs, and monkey

were reported by Haun and Kinkead (12) and Mac
Ewen et a!. (20) . The doses selected for the intermitter

(industrial regimen) study were 5 and 1 ppm, the latte

being the current TLV at that time . Doses for continuou
exposure were 1 .0 and 0 .2 ppm, which approximatel
equalled the CT (concentration X time) values for th

intermittent study. The hepatotoxic response in mice am
the weight loss and anemia seen in the dogs resultin

from exposure to the lower doses indicated that the 1!
ppm TLV may be too high . A small group of mice wa

held for 1 year postexposure observation . Although th,
small number of animals precluded any statistical eval
nation, the increased dose-related incidence of alveo
largenic carcinomas occurring in these mice suggeste (
that an oncogenic problem may be associated with chron
is inhalation exposures to this compound (20) .

c) Unsymmetrical Dimethylhydrazine (UDMH) .
As previously stated, inhalation studies to determine

the oncogenic potential of these hydrazine propellant;
are underway. Although, at the time of manuscrip

preparation, the oncogenic portion of these studies was

incomplete, certain salient observations on UDMH

toxicity from this study are worthy of note.

Animals used in this study consisted of 400 female

C57 black mice, 200 male CDF (Fischer 344 derived)
albino rats, 200 male Engle Golden Syrian hamsters, and
four male and four female beagle dogs per group. A
separate set of control animals was provided for the
0.05 ppm test since it was not started at the same time
as 5 ppm and 0.5 ppm expe riments. Two chambers were
used for each UDMH air concentration . Each pair o f
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• chambers contained as few species as possible to mini-

mize the risk of cross infection . Dogs and rats were

housed in one dome and mice and hamsters in the com-
panion chamber . All control animals were maintained

in animal -holding facilities.
. The Thomas Domes in the Toxic Hazards Research

Unit (THRU) were operated with nominal airflows of

35 ft3/min at a slightly reduced pressure of 725 mm

Hg to prevent leakage of UDMH into the laboratory .

Exposures were conducted on a 6 h/d, 5 d/week

schedule . No exposures were made on weekends and

holidays .

Overt signs of UDMH toxicity were nonexistent in

animals exposed for 6 months to 5 and 0 .5 ppm UDMH .

Growth curves for both groups of dogs and mice were

normal compared to those of the control groups . In the

case of the rats, however, statistically significant lower

weight-gain rates were noted for both exposed groups

throughout the 6 months of exposure . Hamster weights

were somewhat erratic and showed no gain when mean

weights at exposure conclusion were compared with

initial weights . Their mean weights with one exception

(the 5 ppm-exposed group at 4 weeks of exposure) were

significantly lower than control during the entire ex-

posure period . Effects on the weight of exposed rats or

hamsters were not dose-dependent .

Results of clinical chemistry tests made on dogs bi-

weekly du ring and following exposure were all normal

except for serum glutamic pyruvic transaminase (SOPT)

values . The SGPT values were significantly elevated in

dogs exposed to 5 .0 ppm UDMH after the first biweekly

sampling period. A sharp reduction, approximately

50%, occurred at 2 and 4 weeks postexposure . Recovery

was complete by 6 months postexposure.

Special liver function tests were performed on dogs
at exposure termination. Prothrombin time and cephalin

flocculation values were normal but bromsulphalein

(BSP) measured in the blood of the 5-ppm exposed

dogs 10 min following 10 mg/kg injection showed sig-

nificant retention. This test was repeated at 4 weeks

postexposure with similar results . However, BSP values

all returned to normal 9 months postexposure .

These data indicate that significant exposure effects

of UDMH were limited to slight-to-moderate hcpatotox-

icity in dogs exposed to the 5 ppm concentration with

recovery 6 months postexposure . No toxic effects were

observed in the 6 month 0 .5-ppm or 0 .05-ppm exposed
animals . On the basis of results of tests and measure-

ments used in this study, the current industrial TLV of

OS ppm UDMH appears to be well chosen without
consideration of cancer risk . Cancer incidence will be

assessed during the lifetime observation and testing of
the rodents and dogs . Details are found in previous re-
ports (11,20,23) .

3 . Effects on Metabolism and Enzymes :

a) Hydrazine (Hz), Monomethylhydrazine (MMH),
and Unsymmetrical Dimethylhydrazine (UDMH) .

Dust, using radiorespirometric techniques, reported

that subacute exposure to MMH causes a hyperglycemic
response in intact animals which results from an inter-
ference with glycolysis in the hexose phase of anaerobic

glycolysis. Glucokinase, hexokinase, and pyruvate kin
are all inhibited by MMH but the major inhfbitory eff
appears to be the phosphofructokinase step . Converse))

Hz produces a hypoglycemic response and Dost repo
that the probable site of action occurs after pyruv
decarboxylation with an interference in the flux of
acetate fragment into fatty acid synthesis and even
oxidation. Dust also confirms the inhibition of glycogtt
synthesis by Hz and indicates that the site of interferenm

occurs after glucose-6-phosphate formation (6) .

RAZ

bitory effect.

Tumorigen e-
a) Monomer
MacEwen ar

0cogenic pate

atered fn dris

p.01a of MN
dtb HCI; 30 t
leg water not

controls . The
lamsters begir

increase in to ;
could be deterr

i lyutagenesis
a) Hydrazine

and Unsymmet
Wvrobek an

Malian test s,

spermatogenes
Hz, MMH, an

of each coups

for 5 d. The

me relational
an d the appea l

These effects of MMH and Hz on glucose metabolis
m appear dose- and time-related; these studies represe

m high doses, 0.5-1 .0 acute LDso given over periods
d several hours to healthy normal animals. The effec

§ were not observed at lower doses, although the chang
e in glycolysis were evident when only part of the tow

,dose was received

. Dost also reported MMH and Hz cause a decrease i

s methylamine and putrescine oxidation, confirming pr
e vious work. MMH was more effective than Hz an

d methylamine oxidation was more sensitvie to the iM
i bition by the Hz than putrescine

. In 1969-70, Prough, Wittkop, and Reed (25,26,40
) reported the presence of microsomal enzyme systems i

s rat liver capable of metabolizing MMH and UDMH.
Two modes of metabolism were noted : an alkyfhy
drazine oxidase converting alkylhydrazines to corre-
sponding alkanes and an N-methylhydrazine demethy-
lase producing formaldehyde from the n-methyl group.
These two systems were found, singly or together in

varying degrees of activity in several animal species

Studies were done to determine the relationship of

these enzyme systems to microsomal redox components

cytochrome b5 and P450. The oxidase activity is not

dependent on P450 and cannot be induced by pheno-

barbital or 3-methylcholanthrene. However, there ap-

pear to be two demethylase enzyme systems present in

rat liver microsomes, one inducible and dependent on

P450 and one not, both capable of demethylating N-

methylhydrazines. Kato et at . (I8) also reported that

MMH and UDMH can inhibit activity of drug-metabo-

lizing enzymes in liver microsomes and suggested their

effectiveness of inhibition is related to the degree of

lipid solubility of the individual hydrazines. Roberge

et al . (27) investigated the effect of Hz on urea cycle

enzymes in vitro and in vivo . Ornithine keto-acid trans-

aminase was inhibited provoking accumulation of orni-
thine . The high concentration of ornithine and in-

creased ammonia production stimulates urea synthesis .

The condensation reaction of citrulline and aspartic acid

is rate-limiting for the urea cycle with resultant ac-

cumulation of citrulline.

Hawks et at. (13) reported no inhibition of incor-
poration of amino acids into rat liver protein by UDMH
or MMH.

Dost et al . (5) reported Hz causes a two-fold in-

crease in brain Gamma Aminobutyric Acid (GAGA)

as the inhibition of GABA transaminase was higher than

the interference in GABA formation by decarboxylation

of glutamic acid . MMH also strongly inhibits GAGA

transaminase whereas UDMH has only a moderate in"
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imental groups were : 1) an unoperated group, 2) an
operated group with cortical and subcortical electrodes,

and 3) an operated group as in 2), but provided addi-
tionally with senso rimotor rhythm (SMR) EEG operant

conditioning. The operated group without EEG condi-

tioning showed a significantly reduced and more stable

latency to seizures when compared to the other two
groups . These findings suggested that 1) some aspect

of the procedure associated with central nervous system

electrode implantation increased susceptibility to MMH-

induced seizures, 2) unoperated animals had individual

differences in seizure susceptibility, but were significantly

more resistant to MMH toxicity than operated animals,
and 3) SMR-trained operated animals had individual

differences in response to training, but were also more

resistant to MMH toxicity.

Effects on Humans

1 . Monomethylhydrazine (MMH) :

The hemolytic response observed in dogs and the
documented Heinz body formation in humans following
acute MMH exposure led Weinstein and George (38)
and George (7) to study the in vitro response of human
red blood cells to MMH. These initial studies led to a
preliminary conclusion that the hemolytic effect of MMH
observed in vivo is caused either by a direct action of
this oxidant on cell membrane, which is not obvious on

fixed morphological observation, or by the effect of
Heinz bodies on cellular integrity leading to a decreased
cellular "deformability" and premature removal of the
injured cells from the circulation by the spleen, or both.
Later studies by George (8), designed to measure direct
effects of MMH on compartments of cell membranes,
potassium flux, autoxidation of membrane lipids, and
alteration of membrane protein, gave additional support

to the thesis that the major mechanism of red cell des-
truction following exposure to MMH appears to be the
physical presence of Heinz bodies in the red cell, result-
ing in a decreased deformability of the cell and accel-
erated sequestration and destruction by the spleen .
Studies also indicated that any enzyme deficiencies, such
as lack of glucose-6-phosphate dehydrogenase, 6-phos-

phogluconic dehydrogenase, or glutathione reductase

(which affects 2-10% of black males and 0 .3% white

males) would exaggerate hemolytis and prevent reversal
of the response. Personnel with this sort of genetic red

cell disease should not be exposed to MMH, even though
minimal . Weinstein et at. (39) compared morphological-

ly the Heinz bodies formed by MMH and acetylphenyl-

hydrazine (APH) and studied the relationship between

these Heinz bodies and red blood cell deformability .
Unlike APH-induced Heinz bodies, MMH-induced

Heinz bodies show little affinity for the cell membrane

and are free of the membrane when decreases in deform-
ability are first detected . These results show that altera-
tions in red cell deformability with oxidative injury ma y
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genic potential of MMH to hamsters when admin-
d in drinking water . Thirty hamsters received

a61%a of MMH in drinking water adjusted to pH 3 .5

-ith HC . . 30 hamsters received 0 .01 % MMH in drink-

IRS not pH controlled ; 17 hamsters served as

nnntrols . The study was conducted for the life of the

hamsters beginning at 5 months of age . No significan t

ease in tumor incidence attributable to the MMH

could be determined .

pfatagenesls :

,)Hydrazine (Hz), Monomethylhydrazine (MMH),

and Unsp•nmetrical Dimethylhydrazine (UDMH) .

Wyrobek and London (41) utilizing an in vivo mam-
malian test system, involving examination of murine
spemtatogenesis, evaluated the mutagenic potential of

pz, MMH, and UDMH . Groups of mice received doses
of each coupound ranging from 0 .1-0 .9 of the LD50

for 5 d. They established both a dose and a dose-
thae relationship between injection of these compounds
and the appearance of abnormal sperm.

('Effects on Behavior :

a) Monomethylhydrazine (MMH) .
Sterman (33) conducted studies on the behavioral

effects of MMH in the cat . The influence of subconvul-

sive exposure was examined with reference to a

more basic aspect of physiological function than previ-

ous sensorimotor and performance studies ; namely,

the organization of sleep-waking patterns . Polygraphic
wording providing for classification of states of sleep

and wakefulness were obtained over a 10-h period

following either saline or MMH (5 mg/kg, IP) injec-

dons . MMH caused no overt behavioral disruption on

transient observation at this dosage ; however, an-

alysis of polygraphic data disclosed a significant depres-

sion of sleep and disruption of normal diurnal rhythms .

seep suppression lasted approximately 6 In and was fol-

lowed by a profound sleep rebound . The behavioral ef-

fects of MMH exposure extended beyond the realm

of sensorimotor functions . The influence noted upon
deep could have equally serious and different conse-

quences in performance . The effect of MMH upon
thalamocortical conduction was also examined . Cats

were operantly trained to suppress movement by reward-

ing a sensorimotor EEG rhythm, the SMR, with positive

hypothalamic brain stimulation. Other cats received sim-

i r, but non-contingent, reward. Following training, the

two groups were administered MMH (10 mg/kg, IF)

and thalamically induced somatosensory-evoked poten-

tial responses measured until seizures occurred. The
non-contingent group showed an expected increment in

response prior to seizures, while the SMR-trained cats

showed a decrement or reduced increment. Sterman

et al. (34) investigated the influence of intracranial

electrode placement upon the seizure response to MMH .
Efforts were also made to replicate previous findings

with regard to the effects of EEG operant conditioning
on this response . Thirty cats were studied, 10 in each of
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be unrelated to Heinz body-cell membrane interactions.

Ultrastructural observations suggest that denatured he-

moglobin diffusely distributed in the cytoplasm may

polymerize into a loose network and account for the

altered theological properties of MMH- injured red cells.

Effects on Non-mammalian Life Form s

1 . Aerozine 50 (Az-50), a 50/50 mixture of Hz and
UDMH, Hydrazine (Hz), Monomethylhydrazine
(MMH), and Unsymmetrical Dimethylhydrazine
(UDMH) .

Hoover et at. (17) related aquatic decomposition

rates of Hz and UDMH to the presence of oxygen, the
presence of a catalyst such as copper, to water tempera-

ture, and to water pH. These studies were expanded by
Gormley and Ford (9) to include MMH. Based upon a
stoichiometric relationship between the amount of pro-
pellant degraded and the amount of dissolved oxygen
(D.O.) in the water, first-order rate constants were
developed for copper catalyzed degradation of these
propellants . Lurker (19) has used similar methodology
to study in more detail the effect of other ions present

in water and to better define the effect of temperature
on degradation rates . Slonim (30) studied the effects of
Hz, UDMH, Az-50, and MMH when placed in hard and
soft water over a 96-h period . At 100 mg/I but not at

1 mg/I, the hydrazine produced a transitory drop in the
D.O. of hard water. The effects were not seen in soft
water. Slonim and Gisclard (31) also developed a rapid
and sensitive polarographic method for measuring Hz
in solution. The method was used to study the stability
or degradation of Hz over a 96-h period in river, lake,
pond, county, city, and laboratory water . Varying
amounts of degradation of Hz were observed in many of
these waters . Hz was relatively stable in soft water and
softened city water .

Heck et at. (14) exposed goldfish, daphnia, and

dragonfly nymphs to Hz and UDMH during static, un-

replenished bioassays . The 48-h Hz LC,, values were
3.2, 2 .4, and 320 mg/I, respectively. Natural pond water
was the dilution water used . The UDMH was found to

be about one-tenth as toxic since it produced 48-h
LC50 values of 32 mg/I for the goldfish and 24 mg/I
for the daphnia . Heck et at. (15), in similar static bio-
assays, extended their studies to include goldfish, green

sunfish, small bluegill, large bluegill, channel catfish,

and largemouth bass, using dilution water containing
0.15 mg/I copper. The 48-h LC,, for Hz varied from
a low of 1 .6 mg/I in the catfish to a high of 5 .2 mg/I
in the large bluegill . The 48-hour LC50s for UDMH

were much higher, ranging from 16 .5 mg/I for small
bluegill to 58 mg/I in goldfish .

Hoover et at. (17) performed static bioassays using

goldfish, catfish, bass, and daphnia to study the toxicity

of Hz and UDMH in "copper free" (<0 .01 mg/l Cu")
water. His results were not significantly different from

those produced by the low copper concentrations in
Heck's dilution water .

Heinemann and Rose (16) conducted bioassays using

two marine species to determine the toxicity of Az-50 .
The 72-h LGo for sheepshead minnows was 5 .1 mg/I .

For grass sh rimp the 72-h LCan was 0 . 78 mg/I.

Slonim (32) compared the toxici ties of Hz, UDM ,
MMH, and Az-50 to guppies in hard and soft watei
With the excep tion of UDMH, all were more toxic is
soft than in hard water . The LCae values ranged from
0.6 mg/I for Hz in soft water to 26 .5 mg/I for UDMH
in soft water.

Greenhouse (10) studied the effects of Hz, MMH,
and UDMH on amphibi an embryos and larvae. He used
the South African clawed toad, Xenopus laevis. Hz was
not acutely toxic to post-hatching la rvae in concentra.
tions up to 400 mg/1 . However, Hz is teratogenic at
40 mg/I if exposure occurs prior to the completion of
neurulation . UDMH at 10 mg/ I was teratogenic to all
emb ryonic stages whereas 100 mg/ I was lethal .

The effect of these propellants has also been studied
in aquatic plants . Heck et at. ( 15) grew Chlorelta in
varying concentrations of Hz and UDMH to observe

the effects on growth . Concentra tions of 1, 10, and 100
mg/I were compared with the controls . All concentra.
tions of Hz had an inhibitory effect with the 100 mg/I
concentration producing a complete cessation of growth.
The 1 and 10 mg/l concentrations of UDMH had little
effect while the 100 mg/I produced some inhibition.
Sherfig et al . (29) studied the effects of Hz and UDMH
on the growth of Selenastrum capricornutum . Hz in con-
centrations of 10 zl/l produced an algal ce ll volume
growth of only 14% of the control growth . UDMH at
10 µl/l reduced the growth of algae to about one-halt
of the growth of the controls. In contrast, the addition
of low levels of UDMH (1 p.1/I) resulted in an increase
in algal growth which was probably the result of a nu-
trient effect . Hz appears to be much more toxic by in-
hibiting growth of the test algae than UDMH.

1 . Airborne Concentrations/Acute Exposures :
a. Mi li tary and Space Operations

EMERGENCY EXPOSURE LIMITS (EEL )
10 Min 30 Min 60 Min 24 H

Hydrazine 30 ppm 20 ppm 10 ppm
Monomethyl-

hydrazine 90 ppm 30 ppm 15 ppm
1,1-Dimethyl-

hydrazine 100 ppm 50 ppm 30 ppm

b. Industrial and Production Plants

1 ppm

SHORT-TERM PUBLIC LIMITS (STPL )
10 Min 30 Min 60 Min

Hydrazine 15 ppm 10 ppm 5 ppm
Monomethylhydrazine 9 ppm 3 ppm 1 .5 ppm
1,1-Dimethylhydrazine 50 ppm 25 ppm 15 ppm

PUBLIC EMERGENCY LIMITS (PEL )

Hydrazine

Monomethylhydrazine

1,1-Dimethylhydrazine

10 Min 30 Min 60 Min

30 ppm 20 ppm 10 ppm
90 ppm 30 ppm 15 ppm

100 ppm 50 ppm 30 pp m

2. Airborne Concentrations/Chronic Exposures :

OCCUPATIONAL THRESHOLD LIMIT VALUES

Hydrazine *
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H

pm

"fin

pm

pm

pm

1Ta

,pm
rpm
rpm

I

Monbmethylhydrazine
1,1-Dimethylhydrazine

$ Suspect carcinogen .

Direct Contact :

0.2 ppm "Skin"
0.5 ppm "Skin"

a) All three propellant hydrazines penetrate the eye

and the skin readily if not immediately flushed away

with copious amounts of- water for 15 min . Failure to

pro raptly remove the chemical may result in systemic

toxicity .

b) Always wear approved protective equipment to

avoid direct contact .

4. Biologic Standards :

a) For occupational (at the TLV level) exposures,

there are no biological indicators, such as blood or uri-
nary levels of the hydrazines or their metabolites that
could be used at the present for monitoring the workers
who are not suffering ill effects . Because of the relatively

fast clearance rate of hydrazines from the body, no
accumulation of the propellants or their metabolites is
expected within the detectable range using current tech-
niques and analytical procedures suitable for monitoring

the working population;
b) In acute exposures at the EEL levels, mono-

methylhydrazine can cause Heinz body formation in the
red blood cells, up to 5% after 7 d postexposure to 90

ppm for 10 min . Under these circumstances there is no
measurable methemoglobin formation and, hence, the
exposure is not considered to be of medical consequen ce .

5 . Engineering Controls/Personal Protection :

L For handling propellant hydrazines, one should con-

It .Department of the Air Force Manual, Volume II,

AFM 161-30, titled "Aerospace Medicine : Chemical

Rocket/Propellant Hazards," dated 10 April, 1973 .

6 . Medical Examination of Workers/Preemployment
and Annual :

a) Complete physical examination (Class IH Flight
Physical) .

b) Laboratory tests should include pulmonary func-

tion and chest X-ray, hematology, liver function, kidney
function, and EEG.

c) Contraindications for working with hydrazine pro-
pellants should include pregnancy , anemias and he-
matologic disorders, history of convulsive episodes and

other neurologic disorders, "slow acetylators", glucose-
6-phosphate dehydrogenase deficiency, 6-phosphoglu-
conic dehydrogenase deficiency , glutathione reductase
deficiency, therapeutic use of tranquilizers, and the ex-
istence of "benign" tumors.
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Mortality of Aerospace Workers Exposed to
Trichloroethylene

Robert W. Morgan, Michael A . Keish, Ke Zhao, and Shirley Heringer

We measured mortality rates in a cohort of 20,508 aerospace

workers who were followed up over the period 1950-1993 . A

total of 4,733 workers had occupational exposure to trichloro-

ethylene . In addition, trichloroethylene was present in some of

the washing and drinking water used at the work site . We

developed a job-exposure matrix to classify all jobs by trichlo-

roethylene exposure levels into four categories ranging from

"none" to "high" exposure . We calculated standardized mor-

tality ratios for the entire cohort and the trichloroethylene-

exposed subcohort . In the standardized mortality ratio analy-

ses, we observed a consistent elevation for nonmalignant

respiratory disease, which we attribute primarily to the higher

background rates of respiratory disease in this region. We also

compared trichloroethylene-exposed workers with workers in

the "low" and "none" exposure categories. Mortality rate ratios

for nonmalignant respiratory disease were near or less than
1 .00 for trichloroethylene exposure groups . We observed ele .
vated rate ratios for ovarian cancer among those with peak

exposure at medium and high levels ]relative risk (RR) = 2 .74;
95% confidence interval (CI) = 0 .84-8 .99] and among

women with high cumulative exposure (RR = 7 .09 ; 95% CI =

2 .14-23 .54) . Among those with peak exposures at medium

and high levels, we observed slightly elevated rate ratios for

cancers of the kidney (RR = 1 .89; 95% Cl = 0 .85-4.23),
bladder (RR = 1 .41 ; 95% Cl = 0.52-3 .81), and prostate

(RR = 1 .47; 95% Cl = 0 .85-2 .55) . Our findings do not

indicate an association between trichloroethylene exposure

and respiratory cancer, liver cancer, leukemia or lymphoma, or
all cancers combined. (Epidemiology 1998 ;9 :424-431)

Keywords : aerospace workers, cancer, cohort study, healthy worker effect, respiratory disease, trichloroethylene .

Trichloroethylene (TCE) has been used in degreasing

metal, processing food, and as an anesthetic agent . In
1992, the U.S. Environmental Protection Agency

(EPA) withdrew its classification of TCE as a "probable

human carcinogen ."' In 1995, the International Agency

for Research on Cancer (IARC) reclassified TCE to

Category 2A, indicating that " . . . a positive association

has been observed between exposure to the agent . . . and
cancer . . . but chance, bias, or confounding could not be

ruled out with reasonable confidence."2 At least two

reviewers questioned the IARC classification?,'

Previous studies examined cohorts exposed either to

TICE or to solvent mixtures containing TCE.}18 Of 15

published occupational mortality studies mentioning

TCE, a few report positive associations, but among

them, there is no consistent major increase in cancer

mortality!-IS Weiss' recently reviewed studies of TCE

production workers (Finland" and Sweden), civilian air

force employees (Utah"), and aerospace workers (Ari-
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zona ; ENSR Health Sciences . Final Report : Historical

Prospective Mortality Study of Hughes Aircraft Employ-
ees at Air Force Plant #44 . ENSR Health Sciences, May

1990, unpublished report) . He concluded that there was
no excess cancer risk, with the possible exception of

non-Hodgkin's lymphoma and cancers of the liver, bil-
iary tract, and kidney .

Anttila et al19 reported excess incidence of cancers of

the stomach, liver, prostate, and lymphohematopoietic

systems in Finnish workers exposed to organic solvents,

including TCE. Henschler et a120 reported excess inci-

dence of renal cell cancers in a small (N = 169) heavily

exposed cohort of German cardboard workers . In a study

of aircraft maintenance workers, Spirtas et al'r reported

elevated standardized mortality ratios (SMRs) for biliary

cancer among male employees and multiple myeloma

and non-Hodgkin's lymphoma among female employees .

Low SMRs were reported for all causes, all cancers

combined, and nonmalignant respiratory diseases . Axel-

son et all reported an excess of skin cancer among male
Swedish workers identified through a TCE surveillance

program. They also report standardized incidence ratios
for men of 1 .6 and 1 .4 for non-Hodgkin's lymphoma and
liver/biliary cancer, respectively . An earlier analysis of
Hughes aircraft workers found no excess cancer risk or

overall impact on mortality (ENSR Health Sciences,
unpublished report) .

Our study evaluates the mortality of the same cohort

of employees working at a Hughes Aircraft manufactur-
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site in Arizona . Most TCE exposure occurred in
ing
Opor degreasing units between 1952 and 1977 . Before

1981, the plant had used some contaminated well water

(TCE levels estimated between 730 and 2,200 parts pe r

billion) for showers and drinking . Thus, workers wer e

potentially exposed through both occupation (inhala-

don and skin exposure ) and water. We have now fol-
lowed the cohort through 1993, with more extended

analyses than the 1990 study of this cohort (ENSR

Health Sciences , unpublished report)'.

Methods
From company records, we identified all workers who

were employed at the plant for at least 6 months be-

tween January 1, 1950, and December 31, 1985 . We

determined vital status through the Social Security Ad-

ministration (SSA) and National Death Index (NDI) .

We excluded 27 persons from the cohort because of

missing information, leaving a cohort of 20,508 workers .

Personnel data included name, Social Security number,

date of birth, sex, race, date of hire, job title, and

termination date . After ascertaining deaths through ei-

ther SSA or NDI, we obtained death certificates from

each state and coded cause of death according to the

International Classification of Diseases (ICD) in use at

time of death (revisions 7-9) .

Because limited industrial hygiene measurements
were available for the Hughes plant before 1975, Hughes

employees with at least 30 years of experience rated TCE
exposure for each job classification. Hughes industrial

hygienists then compiled these ratings into a master

exposure matrix that was reviewed and confirmed by the

Hughes employees .

From the ratings, jobs were classified into exposure

categories of high, medium, low, or none . The highest

rating involved work on degreaser machines using TCE,

which the industrial hygienists estimate were equivalent

to exposures above 50 parts per million . Jobs with a

medium rating were near the degreasing area, with more

than occasional contact with TCE . A low exposure

rating was given to jobs away from the degreasing area,

but entailing occasional contact with TCE . All other

jobs were assigned zero exposure . Most TCE-exposed

workers had more than one category of exposure. We did

not consider potential exposure to drinking or wash
water in classifying occupational TCE exposure .

We assigned exposure scores of 0 for none, 1 for low,

4 for medium, and 9 for high exposure, which assumes a

potential exponential exposure-response relation . We
assigned a zero level to anyone with less than 6 months
of any TCE exposure (N = 1,025) . Then, for each job,

we multiplied months of exposure by the TCE rating (0,

1, 4, or 9) and summed the results to arrive at a cumu-
lative (total) exposure score . For internal cohort analy-
ses, we created exposure groups using both cumulative

exposure and the job with the highest TCE exposure
rating ("peak" exposure) . (We used "peak" exposure to

evaluate hypotheses that high-level exposure involves

different metabolic pathways and may, thus, be more

MORTALITY OF AEROSPACE WORKERS 42 5

important in assessing cancer risk .) In the SMR analyses,

we used cumulative exposure scores and a dichotomous

measure (none/any) to define exposure groups .

STATISTICAL ANALYSES

We used the OCMAP-PC computer program to calcu-

late SMRs and 95% confidence limits for the overall

cohort and TCE-exposed subcohorts.Z' For internal co-

hort analyses, we used Mantel-Haenszel procedures and

Cox proportional hazard models that included exposure

classification, age at hire, and gender.21 Data concerning

race were too sparse to use in the stratified analyses or

Cox models . Because we found that decade of hire did

not influence relative risk estimates, we did not include

it in the final Cox models. We analyzed all causes of

death, nonmalignant respiratory disease, and selected

cancer outcomes using three exposure classification sys-

tems (ever/never, peak, and cumulative) .

To analyze peak exposure, we combined jobs with no

and low exposure into one group and jobs with medium

and high exposure into a second group . To define cu-

mulative exposure categories, we examined the distribu-

tion of cumulative exposure scores to identify any obvi-

ous cutpoints . The distribution was approximately

lognormal, with no obvious modes . Therefore, we di-

vided the TCE-exposed group into "low" and "high"

based on cumulative exposure score . Exposure groups

were roughly equal (50%), with the low group including

any workers with the equivalent of up to 5 years of

exposure to jobs at low exposure or 1 .4 years of medium

exposure . The high-exposure group includes all other

TCE-exposed workers.

Our SMR analyses include most causes of death . For

internal cohort analyses, we selected outcomes either on
the basis of previous reports or because of elevated SMRs

in our analyses . Because results from the Mantel-Haen-
szel and Cox proportional hazards models were so simi-

lar, we present only Cox modeling results . Although we
used the ever/never exposure classification in both SMR

and internal cohort analyses, we do not report those

results, because they are highly correlated with both

peak and cumulative exposure classifications. (A full set

of analytical tables is available upon request . )

For cancer sites previously identified as possibly TCE

associated, we combined our data with previously pub-

lished cohorts to calculate a series of meta-SMRs and

associated confidence limits . We derived the meta-

SMRs from the sums of observed and expected deaths .

Results

The cohort is composed primarily of white men, nearly

half of whom were hired before 1960 . Of 4,052 deaths,

we were unable to locate 112 death certificates. Some

occupational TCE exposure was experienced by 23% of
the cohort (Table 1) .

SMR ANALYSIS

For the full cohort, most SMRs were below 1 .00 (Table

2), with elevations for Hodgkin's disease (1 .25) and

r
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TABLE 1 . Distribution of Aerospace Worker Cohort by Sex, Race , Birth Decade, Hire Decade , and Exposure Classificati o

De h
Nonexposed TCE Exposed Totals

mograp ic

Factor N % PY` %PY N % PY %PY N % PY %Py

Sex
Male 11 ,187 .0 70 .9 250,410 .0 70.4 2,555 .0 54 .0 57,879 .0 54 .7 13,742 .0 67 .0 308,289 .0 66 .8
Female 4,588 .0 29 .1 105,355 .0 29 .6 2,178 .0 46.0 47,973 .0 45 .3 6,766 .0 33 .0 153,328 .0 33 .2

20,508 .0 461,617 .0

Rac e

White 14,698.0 93 .2 331,072 .0 93 .1 4,132 .0 87 .3 91,561 .0 86 .5 18,830 .0 91 .8 422,633 .0 91 .6
Nonwhite 1,077 .0 6 .8 24,693 .0 6.9 601 .0 12 .7 14,291 .0 13 .5 1,678 .0 8 .2 38,984 .0 8.4

20,508 .0 461,617 .0

Birth year
1920 3,168.0 20 .1 88,953 .0 25 .0 1,022 .0 21 .6 29,711 .0 28 .1 4,190 .0 20.4 118,664 .0 25.7
1920-1929 3,171 .0 20 .1 96,152 .0 27 .0 893 .0 18.9 23,950 .0 22 .6 4,064 .0 19 .8 120,102 .0 26. 0
1930-1939 3,252 .0 20 .6 89,186 .0 25 .1 803 .0 17 .0 19,382 .0 18 .3 4,055 .0 19 .8 108,568 .0 23 . 5
1940-1949 2,288.0 14 .5 37,968 .0 10 .7 1,008 .0 21 .3 19,779 .0 18 .7 3,296 .0 16 .1 57,747 .0 12. 5
1950-1959 2,840.0 18 .0 33,669 .0 9 .5 749 .0 15 .8 10,558 .0 10 .0 3,589 .0 17 .5 44,227.0 9. 6
s1960 1,056.0 6 .7 9,838 .0 2 .8 258 .0 5 .5 2,472 .0 2 .3 1 .314 .0 6.4 12,310 .0 2. 7

20508 .0 461,618 .0

Hire date
<1960t 6,941 .0 44 .0 222,557 .0 62 .6 1,563 .0 33 .0 48,779.0 46 .1 8,504.0 41 .5 271,336 .0 58. 8

1960-1969 1,782.0 11 .3 44,080.0 12 .4 913 .0 28.8 23,045 .0 21 .8 2,695 .0 13 .1 67,125 .0 14. 5
1970-1979 2,448.0 15 .5 42,545 .0 12 .0 1,322 .0 18.9 24,625 .0 23 .3 3,770 .0 18 .4 67,170 .0 14. 6

1980-1989 4,604.0 29 .2 46,584 .0 13 .1 935 .0 16.5 9,403 .0 8 .9 5,539 .0 27 .0 55,987 .0 12 . 1

Totals 15,775 .0 76 .9 355,766 .0 77 .1 4,733 .0 23 .1 105,852 .0 18 .7 20,508 .0 100 461,618 .0 100.0

* PY = person.yeara .

t Only 27 employees started before 1950.

kidney cancer (1 .14), although confidence intervals

(Cl) were wide (95% Cl = 0.60-2 .30 and 0.78-1 .61,

respectively) . SMR5 for all respiratory diseases,and for

suicide were also elevated . For these conditions, Arizona

rates are considerably higher than national rates. When

we used Arizona rates for comparison instead of U .S .

rates, SMRs were lower (data not shown) .

The TCE-exposed subcohort results resembled the

total cohort SMRs for most causes of death (Table 2) .

SMRs for respiratory disease (1 .14 ; 95% CI = 0 .92-

1 .41) and kidney cancer (1 .32 ; 95% Cl = 0 .57-2 .60)

were elevated, but with wide confidence intervals . SMRs

for prostate (1 .18; 95% Cl = 0.73-1 .80), respiratory

(1 .12 ; 95% Cl = 0.91-1 .35), bladder (1 .36; 95% Cl =

0.59-2 .68), and ovarian (1 .21; 95% Cl = 0 .52-2 .38)

cancers, which were all below 1 .00 in the overall cohort

analysis, were slightly elevated in the TCE-exposed

subcohort analysis, although, again, with wide confi-

dence intervals . For respiratory cancers, we observed

higher SMRs in the low-exposure category than in the

high-exposure group . We also examined SMRs among

the nonexposed subcohort (data not shown) . These

results were similar to the SMRs for the overall co-

hort .

INTERNAL COHORT ANALYSIS

Our Cox proportional hazards modeling results are pre-

sented in Tables 3-5 . For all cancers and nonmalignant

respirato ry disease, all risk ra tios for peak and cumulative

exposure classifications were near 1 .00 (Table 3) . The
risk ratio for respirato ry cancers in the low-cumulative-

exposure group was 1 .47 (95% CI = 1 .07-2 .03) ; how-

ever, both peak- and high-cumulative-exposure groups

had risk ratios near 1 .00 (Table 3) .

For cancers of the lymphatic and hematopoietic sys-

tems (Table 4), risk ratios were close to 1 .00 for all of

these cancers combined and for leukemia . For lympho-

sarcoma and reticulosarcoma, the risk ratios were slightly

elevated for the peak-exposure and the low-cumulative-

exposure groups; however, these estimates had wide con-

fidence intervals . For the high-cumulative'exposure

group, the risk ratio was 0 .81, indicating lack of a dose-

response effect. There were 11 cases of Hodgkin's disease

in the cohort ; because only one case was in the TCE

exposed group (Table 2), we did not conduct interna l

cohort analyses on this outcome .

For liver, kidney, bladder, prostate, and ovarian can'

cer, we observed somewhat higher associations with

TCE exposure, but with varying confidence intervals

(Table 5) . These are based on only a few exposed cases,

uniformly leading to wide confidence intervals . For blad-

der and ovarian cancers in the high-exposure categories, 3

the confidence inte rvals were 1 .10-6 .65 and 2 .14-23 .54! ..

respectively. For liver cancers , there was no association
Is

with the peak exposure classification, nor was the re an

apparent dose -response trend for cumulative exposure . Kid' .,

ney cancers had a higher association (RR = 1 .89; 95%f

Cl = 0 .85-4 .23) with peak exposure than high cumulatrye

exposure (RR = 1 .59; 95% CI = 0.68-3 .71) . Ovanazt

cancers had the highest associations with TCE exposure for
.

peak (RR = 2.74) and high cumulative expos

(RR = 7 .09) .

I
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TABLE 2. Standardized Mo rt ali ty Ratios' for Selected Causes of Death : Overall Coho rt and Occupationally Exposed
Trichloroethylene Subcohort

Overall Cohort (N = 20,508) TCE-Exprssed Subcohnrr (N = 4,733 )

Cause of Deatht,# Observed Expected SMR 95% Cl Observed Expected SMR 95% C l

All causes of death 4,052 4,772.5 0.85 0.82-0 .88 917 1,088.8 0.84 0 .79-0.9 0
All malign an t neoplasms 1,100 1,267.3 0-87 0.82-0 .92 270 295.0 0.92 0.81-1 .03

Cancer of digestive organs and peritoneum 255 307.8 0.83 0.73-0 .94 55 71 .3 0.77 0.58-1 .0 0
Cancer of rectum 18 25.3 0.71 0.42-1 .13 6 5.7 1.06 0.39-2 .3 1
Cancer of biliary passages and liver 20 26.0 0.77 0 .47-1 .19 6 6.1 0.98 0.36-2 .1 3
Cancer of pancreas 47 61.9 0.76 0.56-1 .01 11 14.4 0.76 0.38-1 .3 7

Cancer of respiratory system 401 424.0 0.95 0 .86-1 .04 103 92.4 1.12 0.91-1 .3 5
Cancer of bronchus, trachea, lung 388 404.9 0.96 0 .87-1 .06 97 88.3 1.10 0.89-1.34

Cancer of breast 47 62 .8 0.75 0.55-1 .00 16 21 .3 0.75 0.43-1.22
Cancer of uterus ( women only) 6 17 .4 0.34 0 .13-0.75 1 6.1 0.16 0.00-0,9 1
Cancer of ce rvix uteri (women only) 1 10 .0 0.10 0 .00-0.56 0 3.5 0.00 0.00-1 .07
Cancer of ovary (women only ) 13 19 .4 0.67 0 .36-1 .15 8 6.6 1.21 0 .52-2 .3 8
Cancer of prostate (men only) 76 81 .4 0.93 0 .74-1 .17 21 17 .8 1.18 0.73-1 .80
Cancer of kidney 32 28 .0 1 .14 0 .78-1 . 61 8 6 .1 1 .32 0 .57-2 .60
Cancer of bladder 23 27.3 0.84 0 .53-1 .26 8 5.9 1.36 0 .59-2 .66
Cancer of central nerv ous system 28 333 0.84 0 .56-1 .22 4 7 .3 0.55 0.15-1 .40
Cancer of all lymphatic, hematologic 107 111 .5 0.96 0 .79-1 .16 25 25.2 0.99 0 .64-1 .47

tissu e
Lymphosarcoma and reticulosarcoma 11 14 .2 0.78 0 .39-1 .39 3 3.1 0.96 0 .20-2.8 1
Hodgkin's disease 10 8.0 1.25 0.60-2,30 1 1 .7 0.60 0.02-3 .35
Leukemia and aleukemia 42 42.8 0.98 0 .71-1.33 10 9.5 1 .05 0 .50-1 .93
Cancer of all other lymphopoieric tissue 44 46.5 0.95 0.69-1,27 11 10.9 1 .01 0 .51-1 .8 1

All heart disease 1,409 1,751.5 0.80 0 .76-0.85 290 387.5 0.75 0 .67-0.84
Cerebrovascular disease 170 278.0 0.61 0 .52-0.71 40 67 .4 0.59 0 .42-0 .8 1
Nonmalignan t respiratory disease 389 337.7 1.15 104-117 87 76 .1 1 .14 0 .92-1 .4 1

Bronchitis, emphysema, asthma 116 71 .1 1.63 1 .35-1 .96 27 15 .7 1 .72 1 .13-2 .5 0
Emphysema 66 51.5 1.28 0.99-1 .63 15 11 .1 1 .36 0 .76-2 .2 3

Other nonmalignant respiratory disease 171 153.9 1.11 0.95-1 .29 39 34 .8 1.12 0 .80-1 .5 3
Cirrhosis of liver 65 115.0 0.57 0.44-0 .72 14 25 .3 0.55 0.30-0 .9 3
All external causes of death 293 366.7 0.80 0.71-0 .90 68 80 .1 0.85 0 .66-1 .08

Accidents 156 225.0 0.69 0.59-0 .81 41 48 .9 0.84 0 .60-1 .1 4
Suicides 115 89.1 1.29 1 .07-1 .55 20 18.4 1.09 0.67-1 .6 8

Other causes of death 379 483.9 0.78 0.71-0 .87 101 114.2 0.89 0 .72-1 .08

Low ( N = 2,35 7) High ( N = 2,376 )

Observed Expected SMR 95% Cl Observed Expected SMR 95% C1

All causes of death 345 402.44 0.86 0.77-0 .95 572 686 .31 D.83 0 .77-0 .9 1
All malignant neoplasms 114 109.31 1 .04 0.86-1 .25 156 185.73 0.84 0 .71-0.98

Cancer of digestive organs and peritoneum 21 25 .92 0.81 0.50-1 .24 34 45 .41 0.75 0 .52-1 .05
Cancer of rectum 1 2.03 0.49 0.01-2 .74 5 3.63 1 .38 0.45-3 .2 1
Cancer of bilia ry passages and liver 3 2 .28 1 .32 0.27-3 .85 3 3 .85 0.78 0 .16-2 .2 8
Cancer of pancreas 5 5 .25 0.95 0.31-2 .22 6 9 .16 0.66 0 .24-1-43

Can cer of respiratory system 46 31 .59 1.46 1.07-1 .94 57 60 .81 0.94 0.71-1 .2 1
Cancer of bronchus, trachea, lung 45 30.2 1.49 1.09-1 .99 52 58.1 0.90 0 .67-1 .2 0

Cancer of breast 11 10.72 1.03 0.51-1 .84 5 10 .55 0.47 0 .15-1 .1 1
Cancer of uterus ( women only) 1 3 .28 0.31 0.01-1 .70 0 2 .84 0.00 0 .00-1 .3 0
Cancer of cerv ix uteri ( women only) 0 1 .91 0.00 0.00-1 .93 0 1 .54 0.00 0 .00-2 .3 9
Can cer of ovary (women only ) 2 3.4 0.61 0.0i-2 .21 6 3 .4 1 .79 0.66-3 .8 8
Cancer of prostate ( men only) 7 5 .42 1.29 0.52-2 .66 14 12 .41 1.13 0 .62-1 .8 9
Cancer of kidney 1 2.13 0.47 0.01-2 .62 7 3 .94 1.78 0 .72-3 .6 6
Cancer of bladder 1 1 .97 0.51 0.01-2 .83 7 3 .90 1.79 0 .72-3 .69
Cancer of central nervous system 2 2.7 0.73 0.09-2 .64 2 4.6 0.44 0.05-1 .5 8
Cancer of all lymphatic, hematologic 10 9 .37 1.07 0.51-1 .96 15 15 .81 0.95 0 .53-1 .5 7

tissue
Lymphosarcoma and reticulosarcoma 2 L12 1.79 0.22-6 .46 1 2 .00 0.50 0.01-2 .7 9
Hodgkin's disease 1 0.65 1.55 0.04-8 .64 0 1 .02 0.00 0 .00-3 .6 1
Leukemia and aleukemia 3 3.55 0.85 0.17-2 .47 7 5 .98 1.17 0.47-2 .4 1
Cancer of all other lymphopoietic tissue 4 4.05 0.99 0.27-2.53 7 6 .80 1 .03 0 .41-2.1 2

All heart disease 77 136.78 0.56 0.44-0 .70 213 250 .72 0.85 0 .74-0 .9 7
Cerebrovascular disease 17 25 .71 0.66 0.39-1 .06 23 41 .73 0.55 0 .35-0 .83
Nonmalignant respiratory disease 32 27 .00 1 .19 0.81-1 .67 55 49 .06 1.12 0 .84-1 .46

Bronchitis , emphysema , asthma 11 5 .42 2.03 1.01-3 .63 16 10 .27 1.56 0 .89-2 .5 3
Emphysema 5 3 .66 1.37 0.44-3.19 10 7.42 1.35 0.65-2.4 8

Other nonmalignant respiratory disease 13 12.11 1 .07 0.57-1 .84 26 22 .66 1 .15 0 .75-1 .68
Cirrhosis of liver 9 9 .49 0.95 0.43-1 .80 5 15 .85 0.32 0 .10-0 .7 4
A8 exte

rn

al causes of death 27 32.77 0.82 0.54-1 .20 41 47 .36 0.87 0 .62-1 .1 8
Accidents 18 19.68 0.92 0.54-1 .45 23 29.18 0.79 0.50-1 .1 8
Suicides 6 7.23 0.83 0.31- 1 .81 14 11 .14 1 .26 0 .69-2.1 1

Other causes of death 46 44.00 1.05 0.77-1 .39 55 70 .16 0.78 0 .59-1 .0 2

o trot add up to All causes total deaths because not all specific causes are presented.
t other causes" does not include all other cause ICD codes ( see Appendix) .

.us
. monallry rates, 1950-1992, provided by OCMAP software (see Ref 21 ). SMR = standardized mortality ratio

t Totals d
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TABLE 3 . All Cancers and Respirato ry Diseases: Internal Cohort Analyses for Peak and Cumulative Trichloroethylene

Exposure Classifications Using Cox P roportional Hazards Models

Exposed
(N)

Unexpose d
(N) RR- 95% C l

All cancers
Peak: medium and high vs low and no exposu re 177 923 1 .06 0 .90-1 .2 4
Cumulative (low) 114 830 1 .22 0 .99-1 .49
Cumulative (high) 156 830 1 .01 0 .85-1 .1 9

Nonmalign an t respiratory diseas e
Peak: medium and high vs low and no exposure 59 330 0.97 0 .73-1 .2 8
Cumulative (low) 32 302 1 .01 0 .70-1 .47
Cumulative (high) 55 302 0.99 0 .75-1 .3 3

Cancer of bronchus, trachea, lung
Peak: medium and high vs low and no exposu re 64 324 1 .07 0 .82-1 .40
Cumulative (low) 45 291 1 .47 1 .07-2.03
Cumulative (high) 52 291 0.96 0 .72-1 .29

• RR - relative risk .

The meta-SMRs, which combine results from the four

TCE cohorts cited by Weiss,3 were all near 1 .00, ranging

from 1 .09 for prostate and kidney cancers to 1 .25 and

1 .32 for non-Hodgkin's lymphoma and liver cancer,

respectively (Table 6) .

Discussion

Our data offer little support for an association between

TCE exposure and cancer mortality from leukemia, can-

cer in hematopoietic tissues , and digestive, liver, and

respiratory cancers . Our findings for kidney, bladder,

prostate, and ovarian cancers are limited by small num-

bers, lack of information on smoking, and lack of quan-

titative exposure information.

Our finding of a potential association between TCE

and ovarian cancer has not been previously reported .
Among the TCE studies, Anttila et £19 found no excess

risk, and Spirtas et all7 reported similar findings (SMR =
1 .01) . A hospital-based case -control study in the Wash-

ington DC area found no important association between

ovarian cancer and occupational solvent or polycyclic

aromatic hydrocarbon exposures ; however, only a few

participants in this study held manufacturing jobs" We

observed 13 such cancers in the entire cohort and 8

among the TCE-exposed subcohort . The expected num-

bers in the SMR analyses were 19 .4 and 6 .6, respec-
tively . That six of the eight exposed cases were classified

as "high" TCE exposure accounts for the high rate ratios .

Risk factors for ovarian cancer include family history

of ovarian cancer, use of infertility drugs, and a long

history of unprotected intercourse.14 Protective factors

for ovarian cancer include use of oral contraceptives,
number of pregnancies, breastfeeding, and history of

gynecologic surgery .23.24 We reviewed the death certifi-

cates for these deaths and did not find any similarity in

last names that could suggest a potential cluster of ovar-

ian cancer cases among the same families . This review is

limited because we relied only on names of workers in

the cohort; we did not conduct interviews or collect

other data on family history of ovarian cancer . Our

results are dependent on six exposed cases, and exposure

misclassification or another cause from a competing ris k

factor in one or two cases could substantially reduce the

association. The lack of previous research suggesting
ovarian cancer risk , the small number of cases involved,

the largely unknown etiology of ovarian cancer, and the

numerous unmeasured potential confounding factors

limit our abili ty to interpret these findings .

TABLE 4 . Lymphatic and Hematopoietic Cancers : Internal Coho rt Analyses for Peak and Cumula tive T richloroethylene

Exposure Using Cox Proportional Hazards Models

Exposed
Un (N)red RR" 95% Cl

Lymphatic and hematopoietic cancers

Peak: medium and high vs low and no exposure 17 90 1 .08 0 .64-1 .8 2
Cumulative (low) 10 82 1 .09 0 .56-2 .1 4
Cumulative (high) 15 82 1 .03 0 .59-1 .79

Leukemia
Peak: medium and high vs low and no exposure 7 35 1 .10 0 .49-2 .49
Cumulative (low) 3 32 0 .69 0 .21-2 .3 2

Cumulative (high) 7 32 1 .14 0 .50-2 .60

Lymphosarcoma and reticulosarcoma
Peak: medium and high vs low and no exposure 2 9 1 .31 0 .28-6 .08
Cumulative (low) 2 8 2.25 0 .46-11 .0 9
Cumulative (high) 1 8 0.81 0 .10-6 .49

• RR = relative risk.

BNA08768208

H D M S POO1793895



Expos)e d
(N

Unexposed
(N) RR* 95% Cl

Liver cancert

Peak : medium and high vs low and no exposure 3 17 0.98 0.29-3 .3 5
Cumulative (low) 3 14 2 .12 0.59-7 .66
Cumulative (high) 3 14 1 .19 0.34-4 .1 6

Kidney cancert

Peak : medium and high vs low and no exposure 8 24 1 .89 0 .85 -4 .23
Cumulative (low) 1 24 0.31 0 .04-2 .36
Cumulative (high) 7 24 1 .59 0 .68-3 .7 1

Bladder cancer t

Peak: medium and high vs low and no exposure 5 18 1 .41 0.52-3 .8 1

Cumulative (low) 1 15 0.69 0.09-5 .36
Cumulative (high) 7 15 2.71 1 .10-6 .65

prostate cancert
Peak: medium and high vs low and no exposure 16 60 1 .47 0.85-2 .5 5
Cumulative (low) 7 55 1 .05 0.48-2 .3 2
Cumulative (high) 14 55 1 .35 0.75-2 .44

Ovarian cancert

Peak: medium and high vs low and no exposure 4 9 2 .74 0.84-8.99
Cumulative (low) 2 5 3 .45 0.66-17 .9 7
Cumulative (high) 6 5 7 .09 2 .14-23 .5 4

idemiology July 1998, Volume 9 Number 4

(ABLE 5. Liver , Kidney, Bladder, Prostate , and Ovarian Cancers : Internal Cohort Analyses for Peak and Cumulative

Trichloroe thylene Exposure Using Cox Proportional Hazards Models

• RR = relative risk

[Cox models include age and sex as independent variables.
t Cox models include age only as independent variable.

To compare these updated results with previous re-

search, we calculated meta-SMRs for liver, prostate, and
kidney cancers and non -Hodgkin's lymphoma across the

studies evaluated in the recent review by Weiss .3 Al-
though these four studies do not represent the complete

set of TCE studies, IARC considered three of them to be
the most relevant for assessing TCE carcinogenici-

. ty!•17•19 In general , the meta-SMRs offer little support fo r
a relation between TCE exposure and non-Hodgkin's

MORTALITY OF AEROSPACE WORKERS 42 9

lymphoma or cancers of the kidney, bladder, and pros-

tate (Table 6) . Small numbers of cases (except for pros-

tate cancer), even aggregated across all four studies,

further limit causal interpretation of these findings .

To address the pronounced healthy worker effect

(HWE) in this cohort, we used Cox proportional hazards
models, using peak and cumulative exposures . In our

study, however, the Cox method is limited by small
numbers of cancers in the exposed, unexposed, or both

TABLE 6. Meta-Analysis of Four Occupational Cohort Mortality Studies with Exposure to Trichloroethylene

Cancer Site Finnish' Swedisht
Civilian

Air Force$
Aerospace
Workers§ Total Mem-SMRII 95 %C l

Live r
Observed 5 4 2 6 17 1 .32 0 .77-2.1 1
Expected 2 .2 2 .8 1 .8 6.1 12 .9

Prostat e
Observed 13 26 22 21 82 1 .09 0.87-1 .3 6
Expected 9 .4 20 .7 27 .6 17 .8 75 .5

Kidney
Observed 6 6 8 8 28 1 .09 0.72-1 .5 8
Expected 6.9 5 .2 7 .5 6.1 25 .7

Bladder
Observed 5 8 11 8 32 1 .15 0.78-1 .6 2
Expected 6.1 7 .9 7 .9 5 .9 27 .8

Non-Hodgkin's lymphoma
Observed 8 5 14 14 41 1 .25 0.89-1 .7 0
Expected 4.4 3 .2 11 .2 14 32 .8

'Mnila l
e

t study .
ISMR
i . ° standardized mortality ratio.

,'s utas n af, 19
9

a
et

of 1995!,
} Axebon

odi
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groups . Thus, narrowly defining exposure groups, al-

though reducing potential exposure misclassification,

creates smaller groups and thereby produces more im-

precise estimates of relative risk . These factors have to

be considered in interpreting the results of our internal

comparisons . The small number of cases in the TCE

subcohort limits our ability to assess the risks for rare

cancers . In addition, although nearly two-thirds of the

TCE-exposed cohort were followed for more than 20

years (Table 1), it is possible that higher risks could

occur later .

In addition to its limited data, this study has other

limitations . We lack data on potential confounders such

as smoking, diet, or exposure to other solvents . Further-

more, with no direct measurement of personal exposure,

we had to rely on experts to assign estimated levels of

TCE exposure, although we believe the extensive review

process should have helped to reduce exposure misclas-

sification-

The recent IARC review of TCE carcinogenicity con-

sidered positive findings from three occupational stud-

ies4,17,19 for liver/biliary cancer and non-Hodgkin's lym-

phoma as suggestive of TCE carcinogenicity .' Our

results and the meta-SMRs do not indicate strong effects

on cancer risk for these outcomes .
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HYDRAZINE
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Hazard Summary

• Symptoms of acute (short-term) exposure to high levels of hydrazine include irritation of the eyes,
nose, and throat, temporary blindness, dizziness, headache, nausea, pulmonary edema, seizures,
and coma in humans . Acute exposure can also damage the liver, kidneys, and central nervous
system in humans . The liquid is corrosive and may produce chemical burns and severe
dermatitis from skin contact .

• Information is not available on the chronic (long-term) effects of hydrazine in humans . In rats
chronically exposed to hydrazine by inhalation, inflammatory changes of the respiratory tract were
observed. In another chronic inhalation study, rats demonstrated depressed growth rates, liver
damage occurred in mice, and fatty changes in the liver and spleen were reported in dogs .

• The U.S . Environmental Protection Agency (EPA) has not established a Reference Concentration
(RfC) or a Reference Dose (RfD) for hydrazine .

• • Information is not available on the reproductive or developmental effects of hydrazine in humans .
Hydrazine is fetotoxic to rodents exposed by injection. Reduced ratio of fetal survivors to
implantation sites, reduced fetal weight, and generalized edema, but no gross malformations were
observed in rats .

• Adequate information is not available on the carcinogenic effects of hydrazine in humans .
Increased incidences of lung and liver tumors have been observed in mice exposed to hydrazine by
inhalation, in their drinking water, via gavage and injection . Tumors in the nasal cavity were
observed in rats and hamsters exposed by inhalation . EPA has classified hydrazine as a Group B2,
probable human carcinogen of high carcinogenic hazard , with a 1/ED10 value of 107 per

(mg/kg)da and an inhalation unit risk estimate of 4 .9 x 10-3 (g/m3)-1 .

a The 1 /ED 10 value is a measure of the carcinogenic potency of a chemical . The value repo rted here has

been proposed in the hazard ranking of hazardous air pollut ants in EPA's proposed rulemaking (Section
112(g) of the Clean Air Act, April 1994) .

Please Note : The main sources of information for this fact sheet are EPA's Integrated Risk Information
System (IRIS), which contains information on the carcinogenic effects of hydrazine including the unit
cancer risk for inhalation exposure , and EPA's Health and Environmental Effects Profile for Hydrazine .
Other secondary sources include the Hazardous Subst ances Data Bank (HSDB ), a database of
summaries of peer-reviewed literature , and the Registry of Toxic Effects of Chemical Subst ances
(RTECS), a database of toxic effects that are not peer reviewed .

Environmental /Occupational Exposure

• Individuals may be occupationally exposed to hydrazine in the workplace . (1,2)

• Accidental discharge into water, air, and soil may occur during storage, handling, transport, and
improper waste disposal . However, hydrazine rapidly degrades in the environment and is rarely
encountered. (2,3)
Hydrazine has been detected in tobacco smoke . (2)

1 of 5 6/24/98 10:59 AM
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• Hydrazine has been detected in tobacco smoke . (2)

Assessing Personal Exposur e

• Hydrazine may be detected in the blood of exposed individuals . (1,2)

Health Hazard Informatio n

Acute Effects:

• Symptoms of acute (short-term) exposure to high levels of hydrazine include irritation of the eyes,
nose, and throat, temporary blindness, dizziness, headache, nausea, pulmonary edema, seizures,
and coma in humans . Acute exposure can also damage the liver, kidneys, and CNS in humans .
(2-4)

• The liquid is corrosive and may produce chemical bums and severe dermatitis from skin contact .

(1,4 )
• Acute animal tests, such as the LC50 and LD50 tests in rats, mice, rabbits, and guinea pigs, have

demonstrated hydrazine to have high acute toxicity from inhalation and ingestion and extreme
acute toxicity from dermal exposure . (5 )

Chronic Effects (Noncancer) :

• Information is not available on the chronic (long-term) effects of hydrazine in humans .
• In rats chronically exposed to hydrazine by inhalation, inflammatory changes of the respiratory

• tract were observed. In another chronic inhalation study, rats demonstrated depressed growth rates,
liver damage occurred in mice, and fatty changes in the liver and spleen were reported in dogs . (6)

• EPA has not established an RfC or an Rf 3 for hydrazine . (4)

Reproductive/Developmental Effects :

• Information is not available on the reproductive or developmental effects of hydrazine in humans .
• Hydrazine is fetotoxic to rodents exposed by injection . Reduced ratio of fetal survivors to

implantation sites, reduced fetal weight, and no gross malformations, but generalized edema, were
observed in rats . (6 )

Cancer Risk:

• Adequate information is not available on the carcinogenic effects of hydrazine in humans .
• Increased incidences of lung and liver tumors have been observed in mice exposed to hydrazine by

inhalation, in their drinking water, via gavage and injection . Tumors in the nasal cavity were
observed in rats and hamsters exposed by inhalation. (4,6,7)

• EPA has classified hydrazine as a Group B2, probable human carcinogen . (4)
• EPA uses mathematical models, based on human and animal studies, to estimate the probability of

a person developing cancer from breathing air containing a specified concentration of a chemical .

EPA calculated an inhalation unit risk estimate of 4 .9 x 10-3 (g/m3)-1 . EPA estimates that, if an

individual were to breathe air containing hydrazine at 0 .0002 g/m3LD over his or her entire
lifetime, that person would theoretically have no more than a one-in-a-million increased chance of

developing cancer as a direct result of breathing air containing this chemical . Similarly, EP A

• estimates that breathing air containing 0.002 µg/m3 would result in not greater than a

one-in-a-hundred thousand increased chance of developing cancer, and air containing 0 .02 µg/m3
would result in not greater than a one-in-ten thousand increased chance of developing cancer . (4)

• EPA's Office of Air Quality Planning and Standards, for a hazard ranking under Section 112(g) of
the Clean Air Act Amendments, has ranked hydrazine in the nonthreshold category . The 1 /ED

2 of 5 6/24/98 10 :59 AM
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the Clean Air Act Amendments, has ranked hydrazine in the nonthreshold category . The 1/ED10

value is 107 per (mg/kg)/d and this would place it in the high category under Superfund's ranking
for carcinogenic hazard . ( )

Physical Properties

• The chemical formula for hydrazine is H4N2, and its molecular weight is 32 .05 g/mol. (6)

• Hydrazine occurs as a colorless, oily, flammable liquid that is miscible with water . (6,8)
• Hydrazine has a penetrating odor, resembling that of ammonia, with an odor threshold of 3 .7 ppm .

(8,9)
• The vapor pressure for hydrazine is 14 .4 nun Hg at 25 C, and its log octanol/water partition

coefficient (log Kow) is 0 .08. (6)

Uses

0

•

3 of 5

• Hydrazine is used in agricultural chemicals (pesticides), blowing agents, pharmaceutical
intermediates, photography chemicals, water treatment for corrosion protection, textile dyes, and

jet and rocket fuel. (4,6,8)

Conversion Factors :
To convert from ppm to mgIM3 : mg/m3 = (ppm) x (molecular weight of the compound)/(24.45) . For

hydrazine: 1 ppm =1.31 mg/m3.

Health Data from Inhalation Exposur e

I

Concentratio n

(mg/m3)

Health numberss Regulatory, advisory

numbersb

Reference

1,000.0

• LC50 (rats) (747 mg/m3 )

• LC50 (mice ) (330 mg/m3)

5

100 . 0

10.0

• MSHA standard

(1 .3 mg/m3)

5

1 .0

• OHSA PEL (0 . 1

mg/m3)

5

0.1

6/24/98 10:59 AM
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. ACGIH TLV

(0.01 mg/m3)

5

0 .0 1

0.00 1

0.0001

0.0000 1

0.000001

. EPA Cancer Risk Leve l
(1-in-a-million excess lifetime risk)

3

= 2.0 x 10-7 mg/m3

0.000000 1

ACGIH TLV-- American Conference of Governmental and Industrial Hygienists ' threshold limit value
expressed as a time -weighted average ; the concentration of a substance to which most workers can be
exposed without adverse effects .
LC50 (Lethal Concentration50 )--A calculated concentration of a chemical in air to which exposure for a

specific length of time is expected to cause death in 50% of a defined experimental an imal population .
MSHA--Mine Safety and Health Administration .
OSHA PEL--Occupational Safety and Health Administration 's permissible exposure limit expressed as a
time-weighted average ; the concentration of a substance to which most workers can be exposed without

adverse effect averaged over a normal 8-h workday or a 40-h workweek .

a Health numbers are toxicological numbers from animal testing or risk assessment values developed by

EPA.

b Regulatory numbers are values that have been incorporated in Government regulations, while advisory
numbers are nonregulatory values provided by the Government or other groups as advice .
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1 . *Micrograms per cubic meter is the unit of measurement for chemicals in air .
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0

[g United States Environmental Protection Agency

[_4 Integrated Risk Information System Logo

Hydrazine/Hydra
CASRN 302-

(03/01/9

0

•

I of II

Contents

I A REFERENCE DOSE FOR CHRONIC ORAL EXPOSURE (RfD)

I .B. REFERENCE CONCENTRATION FOR CHRONI C
INHALATION EXPOSURE (RfC )

II . CARCINOGENICITY ASSESSMENT FOR LIFETIME EXPOSURE

VI. BIBLIOGRAPH Y

VII . REVISION HISTORY

VIII . SYNONYM S

0352

Hydrazine/Hydrazine sulfate ; CASRN 302-01-2 (03/01/97 )

Health assessment information on a chemical substance is included in IRIS only

after a comprehensive review of chronic toxicity data by U .S . EPA health

scientists from several Program Offices and the Office of Research and

Development . The summaries presented in Sections I and II represent a

consensus reached in the review process . Background information and

explanations of the methods used to derive the values given in IRIS are

provided in the Background Documents .

File On-Line 09/07/88

Category (section )

STATUS OF DATA FOR Hydrazine/Hydrazine sulfat e

Status Last Revised

----------------------------------------- --------

Oral RfD Assessment (I .A.) no data

Inhalation RfC Assessment (I .B.) no data

Carcinogenicity Assessment (II.) on-line 04/01/91
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0,

1 . CHRONIC HEALTH HAZARD ASSESSMENTS FOR NONCARCINOGENIC EFFECT S

I.A. REFERENCE DOSE FOR CHRONIC ORAL EXPOSURE (RID )

Substance Name -- Hydrazine/Hydrazine sulfate

CASRN -- 302-01-2

Not available at this time .

I .B . REFERENCE CONCENTRATION FOR CHRONIC INHALATION EXPOSURE (RfC

Substance Name -- Hydrazine/Hydrazine sulfate

CASRN -- 302-01- 2

0 Not available at this time .

0

2of11

H. CARCINOGENICITY ASSESSMENT FOR LIFETIME EXPOSUR E

Substance Name -- Hydrazine/Hydrazine sulfate

CASRN -- 302-01- 2

Last Revised -- 04/01/9 1

Section II provides information on three aspects of the carcinogenic

assessment for the substance in question ; the weight-of-evidence judgment of

the likelihood that the substance is a human carcinogen, and quantitative

estimates of risk from oral exposure and from inhalation exposure . The

quantitative risk estimates are presented in three ways . The slope factor is

the result of application of a low-dose extrapolation procedure and is

presented as the risk per (mg/kg)/day . The unit risk is the quantitative

estimate in terms of either risk per ug/L drinking water or risk per ug/cu .m

air breathed . The third form in which risk is presented is a drinking water

or air concentration providing cancer risks of 1 in 10,000, 1 in 100,000 or 1

in 1,000,000 . The rationale and methods used to develop the carcinogenicity

information in IRIS are described in The Risk Assessment Guidelines of 1986

(EPA/600/8-87/045) and in the IRIS Background Document . IRIS summaries

developed since the publication of EPA's more recent Proposed Guidelines for

Carcinogen Risk Assessment also utilize those Guidelines where indicated

6/24/98 11 :00 AM
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(Federal Register 61(79) :17960-18011, April 23, 1996) . Users are referred to

Section I of this IRIS file for information on long-term toxic effects other

than carcinogenicity .

II .A. EVIDENCE FOR CLASSIFICATION AS TO HUMAN CARCINOGENICIT Y

II.A.1 . WEIGHT-OF-EVIDENCE CLASSIFICATION

Classification -- B2 ; probable human carcinogen .

Basis -- Tumors have been induced in mice, rats and hamsters following oral,

inhalation or intraperitoneal administration of hydrazine and hydrazine

sulfate . Hydrazine is mutagenic in numerous assays .

II.A.2 . HUMAN CARCINOGENICITY DATA

•

Inadequate . A Letter to the Editor by Roe (1978) is the only available

report on effects of hydrazine exposure in humans . Mortality data from two

hydrazine manufacturing plants (from one company of nine in the field) are

presented . Between 1963 and 1975, one company reported two deaths . Both

were due to heart disease and were presumed to be unrelated to hydrazine

exposure . A second company reported 26 deaths among 272 workers who had been

employed at the plant between 1945 and 1970 . Two of these deaths were due to

stomach cancer . The author noted that the observed and expected deaths were

similar and that these occupational exposures to hydrazine are not associaLed

with an increased risk of cancer .

II.A.3 . ANIMAL CARCINOGENICITY DAT A

Sufficient . Biancifiori (1970) conducted a multiple-dose study in which

hydrazine sulfate was administered by gavage to groups of 24 to 30 8-week-old

CBA/Cb/Se mice of each sex at doses of 0 .0, 0 .14, 0 .28, 0 .56, or 1 .13 mg/day,

6 days/week for 25 weeks . Animals were observed throughout their lifetimes .

Liver carcinomas were induced in a dose-related manner in both sexes and lung

metastases were observed in some of the mice treated with 1 .13 mg/kg/day .

Pulmonary tumors were reportedly present in many of the treated mice, but

incidences were not reported because the purpose of the study was to describe

hepatic tumors .

Many other water gavage studies of hydrazine sulfate in mice have

resulted in increased incidence of lung adenomas/carcinomas . Strains tested

included BALB/c (Biancifiori and Ribacchi, 1962), CBA/Cb/Se (Biancifiori et

al ., 1964 ; Severi and Biancifiori, 1968), BALB/c x DBA/2 (Kelly et al ., 1969)

and Swiss (Roe et al ., 1967) . Hepatomas and hepatocarcinomas were also

observed in some strains as a consequence of treatment . Cb/Se rats gavaged

• with 18 (males) or 12 (females) mg hydrazine sulfate/day showed an increased

incidence of lung tumors in both sexes and hepatomas in males only (Severi and

Biancifiori, 1968) .

3of11
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groups of 6-week old Swiss, C3H, and AKR mice (40 to 50/sex) for their

lifetimes . Groups of 110 Swiss mice and 30 C3H and AKR mice of each sex

served as untreated controls . Lung adenomas and adenocarcinomas were reporte d

in 46-50% of the treated Swiss mice (25/50 males and 24/50 females), compared

with 9-11% in the controls (11/110 males and 14/110 females) . Hydrazine

sulfate did not induce significantly increased incidence of tumors at other

sites in the Swiss mice, or at any site in the C3H or AKR mice . In a later

study, Toth (1972) administered 0 .001% hydrazine continuously in the drinking

water to 50 Swiss mice/sex for their lifetimes . Lung adenomas and

adenocarcinomas were induced in 24/50 of the males and 27/50 of the females

(48-54%) . Yamamoto and Weisburger (1970) reported a 100% induction of lung

adenomas and adenocarcinomas (38/38 by comparison with 12/20 in the controls)

in A/J male mice given 325 mg/L hydrazine sulfate in the drinking water for 48

weeks .

MacEwen et al . (1981) reported on the carcinogenic effect of inhaled

hydrazine in C57BL/6 mice, F344 rats, Syrian golden hamsters and beagle dogs .

Hydrazine vapor (97% pure) was administered to 400 female mice at 0 .05, 0 .25

or 1 .0 ppm; to 100 rats of each sex at 0 .05, 0 .25, 1 .0, or 5 .0 ppm ; to 160

male hamsters at 0 .25, 1 .0 or 5 .0 ppm ; and to 4 dogs of each sex at 0 .25 or

1 .0 ppm . Exposure was 6 hours/day, 5 days/week for 1 year, followed by a

variable observation period (12-38 months) . Appropriate controls were

maintained for each species . Significantly increased incidences of tumors

were reported at the highest exposures administered in mice (lung adenoma),

male and female rats (nasal cavity adenoma and adenocarcinoma), and hamsters

(nasal cavity polyp) as well as in male and female rats treated with 1 .0 ppm

hydrazine (nasal cavity adenoma and adenocarcinoma) . No significant increase

in tumor induction was observed at the lower doses nor were treatment-related

neoplasms reported in the dogs . The observation period is considered to be

insufficient for dogs .

• Juhasz et al . (1966) injected white mice of both genders with hydrazine

(0 .5 mg x 16 injections) over a period of 46 days, then observed the animals

for 1 year . Mediastinum reticulum-cell sarcomas were observed in 4/34 mice,

and 9/34 had myeloid leukemias . A single thymic leukemia was reported out of

60 control animals . Kelly et al . (1969) injected (BALE/c\x DBA/2)F1 male mice

i .p . with a total dose of 20 .8 mg hydrazine sulfate/animal (given in 8 weekly

injections) . Lung tumors were reported in 6/30 of the treated animals and 1/9

of the control animals .

II.A.4. SUPPORTING DATA FOR CARCINOGENICITY

The mutagenicity of hydrazine has been demonstrated in both in vitro and

in vivo assays tested as hydrazine sulfate, hydrazine hydrate or hydrazine

hydrochloride . Hydrazine induced reverse mutations in histidine auxotrophs of

S . typhimurium (Kimball, 1977 ; Anderson and Styles, 1978 ; McMahon et al .,

1979 ; Tosk et al ., 1979 ; Parodi et al ., 1981 ; Rogan et al ., 1982), in

tryptophan auxotrophs of E . coli (McMahon et al ., 1979 ; Von Wright and

Tikkanen, 1980), and in a host-mediated assay with mice given a single dose of

hydrazine sulfate by gavage (Simmon et al ., 1979) . Intraperitoneal treatment

of mice with hydrazine sulfate and radiolabeled formate or methionine produced

radiolabeled 7-methylguanine in liver DNA and RNA, indicating that hydrazine

mediated indirect alkylation of nucleic acids in vivo (Quintero-Ruiz et al .,

1970) . Hydrazine induces DNA strand breaks in rat hepatocytes treated in

vitro (Sina et al ., 1983) and in the liver and lung of mice treated

intraperitoneally with hydrazine hydrate (Parodi et al ., 1981) . sister

• chromatid exchange was induced by in vitro treatment with hydrazine in Chinese

hamster V-79 cells (Speit et al ., 1980), Chinese hamster ovary cells (MacRae

and Stitch, 1979), and Chinese hamster Don (lung) cells (Baker et al ., 1983) .

Hydrazine induced specific locus and recessive lethal mutations in D .
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melanogaster (Jain and Shukla, 1972 ; Shukla, 1972) but did not induce dominant

lethal mutations in mice (Epstein and Shafner, 1968 ; Epstein et al ., 1972) .

II.B. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM ORAL EXPOSU R

II.B.I . SUMMARY OF RISK ESTIMATE S

Oral Slope Factor -- 3 .0 per (mg/kg)/day

Drinking Water Unit Risk -- 8 .5E-5 per (ug/L )

Extrapolation Method -- Linearized multistage procedure, extra risk

Drinking Water Concentrations at Specified Risk Levels :

Risk Level Concentration

-------------------- -------------

E-4 (1 in 10,000) 1E+0 ug/L

E-5 (1 in 100,000) 1E-1 ug/L

E-6 (1 in 1,000,000) 1E-2 ug/L

II.B.2 . DOSE-RESPONSE DATA (CARCINOGENICITY, ORAL EXPOSURE )

Tumor Type -- hepatoma

Test Animals -- mouse , CBA/Cb/Se ; male

Route -- gavage (hydrazine sulfate in water)

Reference -- Biancifiori, 197 0

Administered Human Equivalent Tumor

Dose (ppm) Dose (mg/kg)/day Incidence

0 0 3/30

0.14 0.044 1/26

0.28 0.103 7/25

0.56 0.222 12/25

1.13 0.403 15/2 5

II.B.3 . ADDITIONAL COMMENTS (CARCINOGENICITY, ORAL EXPOSURE )

Human equivalent doses were calculated to reflect a treatment period of

175 days and an experimental period of 607 days, the mean length of th e

• experiment for each treatment group . Mouse body weight was assumed to be

0 .03 kg and the animal lifespan was assumed to be 730 days . A slope factor

of 9 .01E-1 per (mg/kg)/day was derived from the lung tumor response in male

Swiss mice in the single-dose lifetime drinking water study with 0 .012% (0 .7 4
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•

mg/day) hydrazine sulfate (Toth, 1969) . The values for hydrazine would be

expected to be less than these values for hydrazine sulfate because of the

smaller molecular weight of the molecule . Although it is likely that

hydrazine is responsible for the tumorigenic response in these experiments,

the slope factor calculated on the basis of this compound may not be

appropriate for hydrazine, even after converting the dose rate from hydrazine

sulfate to that of hydrazine . The absorption rates in the body are likely to

differ between the two compounds . The lifetime drinking water study with

hydrazine in Swiss mice (Toth, 1972) is inappropriate for the calculation of a

slope factor because of the lack of concurrent controls .

The unit risk should not be used if the water concentration exceeds 1E+2

ug/L, since above this concentration the unit risk may not be appropriate .

ILB.4. DISCUSSION OF CONFIDENCE (CARCINOGENICITY, ORAL EXPOSURE )

The study showed a dose-response and encompassed the lifespan of the

animal . Two independent slope factors are within a factor of 4 .

H.C. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM INHALATION E X

II.C.1 . SUMMARY OF RISK ESTIMATE S

Inhalation Unit Risk -- 4 .9E-3 per (ug/cu .m)

Extrapolation Method -- Linearized multistage procedure, extra risk

Air Concentrations at Specified Risk Levels :

Risk Level Concentration

E-4 (1 in 10,000) 2E-2 ug/cu . m

E-5 (1 in 100,000) 2E-3 ug/cu . m

E-6 (1 in 1,000,000) 2E-4 ug/cu . m

II.C.2 . DOSE-RESPONSE DATA (CARCINOGENICITY, ORAL EXPOSURE)

Tumor Type -- nasal cavity adenoma or adenocarcinoma

Test animals -- rat/F344, mal e

Route -- inhalation (hydrazine )

Reference -- MacEwen et al ., 198 1

• ---- Dose ----- Tumor

6 of I I
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(ppm) (mg/kg/day )

0.0 0.00 0/149

1.0 0.01 11/98

5.0 0.05 72/99

II.C.3. ADDITIONAL COMMENTS (CARCINOGENICITY, INHALATION EXPOSURE )

Data in Section II .C .2 . were described in the Evaluation of the Potential

Carcinogenicity of Hydrazine (U .S . EPA, 1986) . Global 82 was used to

calculate a slope factor of 1 .7E+l per (mg/kg)/day, which was the basis for

the inhalation unit risk .

Human equivalent doses reflect a treatment period of 365 days and an

experimental period of 910 days . Rat body weight was assumed to be 350 g,

and the animal lifespan was assumed to be 910 days .

The unit risk should not be used if the air concentration exceeds 2

ug/cu . m, since above this concentration the unit risk may not be appropriate .

II.C.4. DISCUSSION OF CONFIDENCE (CARCINOGENICITY, INHALATION EXPOS U

A sufficient number of animals were treated for less than lifetime and

observed until death ; a dose-related increase in incidence was observed .

II.D. EPA DOCUMENTATION, REVIEW, AND CONTACTS (CARCINOGENICITY ASS E

H.D.I. EPA DOCUMENTATION

Source Document -- U .S . EPA, 1984, 198 6

The values in the 1986 Reportable Quantity Document for Hydrazine (review

draft) have received limited Agency review . The values in the 1984 Health and

Environmental Effects Profile for Hydrazine and Hydrazine Sulfate (final

draft) have received Agency review .

ILD.2. REVIEW (CARCINOGENICITY ASSESSMENT)

Agency Work Group Review -- 06/03/87
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Verification Date -- 06/03/8 7

II.D.3 . U.S. EPA CONTACTS (CARCINOGENICITY ASSESSMENT)

Please contact the Risk Information Hotline for all questions concerning this

assessment or IRIS, in general, at (513)569-7254 (phone), (513)569-7159 (FAX)

or RIH .IRIS@EPAMAIL .EPA .GOV (internet address) .
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Concentration (mg/m3) Health numbersa Regulatory, advisory numbersb Reference

1,000 .0

00.0

• LC50 (hamsters)

(270 mg/m3)
. LC50 (mice) (106

mg/rn3)

iI

4

4

. LC50 (rats) (64

mg/m3)

10.0

1 .0

• OSHA PEL and MSHA
standard (0 .35 mg/m3)

4

0.1

• NIOSH REL (0 .08 mg/m3 )

. ACGIH TLV (0 .02 mg/m3)

4

4

0.01

ACGIH TLV--American Conference of Governmental and Industrial Hygienists' threshold limit value
expressed as a time-weighted average; the concentration of a substance to which most workers can be

exposed without adverse effects.
LC50 (Lethal Concentration50)--A calculated concentration of a chemical in air to which exposure for a

specific length of time is expected to cause death in 50% of a defined experimental animal population .

MSHA--Mine Safety and Health Administration.
NIOSH REL--National Institute of Occupational Safety and Health's recommended exposure limit ;

NIOSH-recommended exposure limit for an 8- or 10-h time-weighted-average exposure and/or ceiling .

OSHA PEL--Occupational Safety and Health Administration's permissible exposure limit expressed as a
time-weighted average ; the concentration of a substance to which most workers can be exposed without
adverse effect averaged over a normal 8-h workday or a 40-h workweek .

a Health numbers are toxicological numbers from animal testing or risk assessment values developed by

EPA .

b Regulatory numbers are values that have been incorporated in Government regulations, while advisory
numbers are nonregulatory values provided by the Government or other groups as advice .

References

1 . U.S. Environmental Protection Agency . Health and Environmental Effects Profile for

• Methylhydrazine . EPA/600 /x-84/142. Environmental Criteria and Assessment Office, Office of
Health and Environmental Assessment , Office of Research and Development , Cincinnati, OH .
1984 .

2. U.S. Department of Health and Human Serv ices . Hazardous Substances Data Bank (HSDB , online
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METHYLHYDRAZINE

Hazard Summary

• Acute (short-term) inhalation exposure to high levels of methylhydrazine may cause lacrimation,
eye redness, nasal and respiratory irritation , headache, malaise , vomiting, diarrhea , ataxia,
anoxia , cyanosis , tremors, and convulsions in humans . Acute exposure to methylhydrazine in

humans has also been observed to affect the blood, kidneys, and liver . Methylhydrazine is highly
corrosive and irritating to the skin, eyes, and mucous membranes of the respiratory system .

• Chronic (long-term) inhalation exposure to methylhydrazine has been observed to impair
function of the kidneys and liver , affect the blood and spleen, and cause convulsions in
animals .

• The Reference Concentration (RfC) for methylhydrazine is under review by the U .S .

Environmental Protection Agency (EPA) .
• EPA has not established a Reference Dose (RfD) for methylhydrazine .

• No information is available on the reproductive or developmental effects of methylhydrazine in
humans. Reproductive effects, including changes in the morphology of sperm, have been reported
in mice orally exposed to methylhydrazine .

• Information on the carcinogenic effects of methylhydrazine in humans is not available and limited
animal data are available . In one study, an increased incidence of liver tumors and tumors of the
cecum were observed in hamsters exposed to methylhydrazine in drinking water . However,
several other studies of orally exposed rodents did not report increased incidences of tumors . EPA
has classified methylhydrazine as a Group B2, probable human carcinogen of medium

carcinogenic hazard , with a 1/ED10 value of 4 .1 per (mg/kg)/d .a

a The 1/ED10 value is a measure of the carcinogenic potency of a chemical . The value reported here has

been proposed in the hazard ranking of hazardous air pollut ants in EPA's proposed ru lemaking (Section
112(g) of the Clean Air Act, April 1994) .

Please Note : The main sources of information for this fact sheet are EPA's Health and Environmental
Effects Profile for Methylhydrazine and the Hazardous Substances Data Bank (HSDB), a database of
summaries of peer-reviewed literature . Other secondary sources include Sittig's Handbook of Toxic and
Hazardous Chemicals and Carcinogens and the Registry of Toxic Effects of Chemical Substances
(RTECS), a database of toxic effects that are not peer reviewed .

Environmental/Occupational Exposur e

• Individuals may be exposed to methylhydrazine in the ambient atmosphere during its use as rocket

fuel, and from spills, leaks, and venting during loading, transfer, and storage . (1 )
• • Individuals may be exposed to methylhydrazine in the workplace .

• Exposure to methylhydrazine may occur through the consumption of a species of edible
mushroom. (2)
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Assessing Personal Exposur e

• No information was located concerning the measurement of personal exposure to

methylhydrazine .

Health Hazard Information

Acute Effects :

• Acute (short-term) inhalation exposure to high levels of methylhydrazine may cause lacrimation,
eye redness, nasal and respiratory irritation, headache, malaise, vomiting, diarrhea, ataxia, anoxia,

cyanosis, tremors, and convulsions in humans . (1-3)
• Methemoglobin formation and damage to the kidneys and liver may also occur following acute

exposure . (1 )
• Fatal hepatic necrosis developed following acute exposure of humans by ingestion of poisonous

mushrooms containing methylhydrazine . (2)
• Acute exposure of humans to methylhydrazine by inhalation causes effects on the blood, including

hemolytic anemia and the destruction of red blood cells . (1,2)
• Methylhydrazine is highly corrosive and irritating to the skin, eyes, and mucous membranes of the

respiratory system. (2,3 )
• Methemoglobin formation and damage to the kidneys and liver has been reported in one study

following acute percutaneous administration of methylhydrazine in dogs . (1 )

• Tests involving acute exposure of animals, such as the LC50 and LD50 tests in rats, mice, rabbits,

hamsters, and guinea pigs, have demonstrated methylhydrazine to have high acute toxicity from

inhalation exposure, extreme acute toxicity from oral exposure, and high to extreme acute toxicity
from dermal exposure . (4)

• • EPA's Office of Air Quality Planning and Standards, for a hazard ranking under Section 112(g) of
the Clean Air Act Amendments, considers methylhydrazinc to be a "high concern" pollutant based

on severe acute toxicity . (5 )

Chronic Effects (Noncancer) :

• Chronic (long-term) inhalation exposure to methylhydrazine has been observed to impair function

of the kidneys and liver, affect the blood and spleen, and cause convulsions in animals . (1)
• The RfC for methylhydrazine is under review by EPA . (6)

• EPA has not established an RfD for methylhydrazine . (6 )

ReproductivelDevelopmental Effects :

• No information is available on the reproductive or developmental effects of methyl-hydrazine in

humans.
• Malformations have not been observed in the offspring of rats orally exposed to methylhydrazine,

while malformations were reported in the toad . (1,2)
• The morphology of sperm has been reported to be affected in mice orally exposed to

methylhydrazine . (1,2)

Cancer Risk :

• • No information is available on the carcinogenic effects of methylhydrazine in humans .
• In one study, an increased incidence of liver tumors and tumors of the cecum were observed in

hamsters exposed to methylhydrazine in drinking water . However, several other studies of orally

exposed rodents did not report increased incidences of tumors . (1,2)
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• EPA considers methylhydrazine to be a probable human carcinogen (cancer-causing agent) and
has classified it as a Group B2 carcinogen . (5 )

• EPA's Office of Air Quality Planning and Standards, for a hazard ranking under Section 112(g) of
the Clean Air Act Amendments, has ranked methylhydrazine in the nonthreshold category. The
1/ED10 value is 4 .1 per (mg/kg)/d and this would place it in the medium category under

Superfund's ranking for carcinogenic hazard . (5 )

Physical Properties

• The chemical formula for methylhydrazine is CH6N2, and its molecular weight is 46 .1 g/mol .

(1,7 )

• Methylhydrazine is a colorless, flammable liquid that is miscible with water . (1 )

• Methylhydrazine has an ammonia-like fishy smell with an odor threshold of 1 .7 ppm. (1,8)
• The vapor pressure for methylhydrazine is 49 .6 mm Hg at 25 C, and its log octanol/water partition

coefficient (log Kow) is -1 .50. (1,2)

Uses

• Methylhydrazine is primarily used as a high-energy fuel in military applications, as a rocket
propellant and fuel for thrusters, and as fuel for small electrical power generating units . (1,2,7)

• Methylhydrazine is also used as a chemical intermediate and as a solvent . (2,7)

Conversion Factors :
To convert from ppm to mg/m3: mg/m3 = (ppm) x (molecular weight of the compound)/(24.45) .

For methylhydrazine: 1 ppm = 1.88 mg/m3 .

•

•
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MD. 1993 .
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This fact sheet answers the most frequently asked health questions (FAQs) about hydrazines. For
more information, call the ATSDR Information Center at 1-800-447-1544. This fact sheet is one in a

series of summaries about hazardous substances and their health effects. It's important you
understand this information because these substances may harm you. The effects of exposure to any

hazardous substance depend on the dose, the duration , how you are exposed, personal traits and
habits, and whether other chemicals are present

[~ NFPA
431-
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habits, and whether other chemicals are present .
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HIGHLIGHTS: Hydrazines are colorless liquids that are used in rocket fuels, chemical
manufacturing, and as boiler water treatments . Exposure to hydrazines may cause

nervous system effects, as well as liver and kidney damage . Hydrazines have been found
in at least 8 of the 1,416 National Priorities List sites identified by the Environmental
Protection Agency (EPA) .

What are hydrazines ?

Hydrazines are clear, colorless liquids with an ammonia-like odor . There are many kinds of hydrazine

compounds, including hydrazine, 1, 1 -dimethylhydrazine, and 1,2-dimethylhydrazine . Small amounts of

hydrazine occur naturally in plants . Most hydrazines are manufactured for use as rocket propellants and

fuels, boiler water treatments, chemical reactants, medicines, and in cancer research. Hydrazines are
highly reactive and easily catch fire .

What happens to hydrazines when they enter the environment ?

• Hydrazines can be released into the environment during their production or use, or from accidental

spills .
• Hydrazines easily evaporate to the air, where they are broken down by reactions within minutes or

hours .
• Hydrazines can also dissolve in water, where they usually break down into less toxic compounds

within a few weeks .
• Hydrazines may build up in some fish living in contaminated water, but are not expected to

remain at high levels over long periods of time .
• In soil, hydrazines may stick to particles and be changed within a few days to less harmful

compounds .

How might I be exposed to hydrazines ?

• Breathing contaminated air in or near a facility that makes, processes, or uses hydrazines
• Eating fish contaminated with hydrazine s
• Drinking or swimming in water that has been contaminated with hydrazine s
• Touching soil contaminated with hydrazines, such as near some military bases or hazardous waste

sites

• Breathing cigarette smoke indirectly or using tobacco products may expose you to small amounts
of hydrazine or 1, 1 -dimethylhydrazin e

• Working in greenhouses where the chemical Alar is used may result in your being exposed to
small amounts of 1,2-dimethylhydrazin e

How can hydrazines affect my health ?

Breathing hydrazines for short periods may cause coughing and irritation of the throat and lungs,
convulsions, tremors, or seizures . Breathing hydrazines for long periods may cause liver and kidney
damage, as well as serious effects on reproductive organs .

Eating or drinking small amounts of hydrazines may cause nausea, vomiting, uncontrolled shaking,
inflammation of the nerves, drowsiness, or coma .

How likely are hydrazines to cause cancer ?

Tumors have been seen in many organs of animals that were exposed to hydrazines by ingestion or
breathing, but most tumors have been found in the lungs, blood vessels, or colon . 1,2-Dimethylhydrazine
has caused colon cancer in laboratory animals following a single exposure .

The Department of Health and Human Se rv ices (DHHS) has determined that hydrazine and
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i
The Depa rtment of Health and Human Se rv ices (DHHS) has determined that hydrazine and
1, 1 -dimethylhydrazine are known carcinogens .

The International Agency for Research on Cancer (IARC) has determined that hydrazine,

1, 1 -dimethylhydrazine, and 1,2-dimethylhydrazine are possible human carcinogens .

The EPA has determined that hydrazine, 1,1-dimethylhydrazine, and 1,2-dimethylhydrazine are
probable human carcinogens .

The American Conference of Governmental Industrial Hygienists (ACGIH) currently lists

hydrazine and 1, 1 -dimethylhydrazine as suspected carcinogens, but has recently recommended that the
listing of hydrazine be changed to that of animal carcinogen, not likely to cause cancer to people under
normal exposure conditions .

Is there a medical test to show whether I've been exposed to hydrazines ?

There are tests available to detect the presence of hydrazines or their breakdown products in the blood,

urine, and feces. These tests must be done soon after exposure, before the compounds are broken down

and eliminated from the body. These tests aren't available at most doctors' offices, but can be done at

special laboratories that have the right equipment . These tests cannot be used to tell how much

hydrazines you were exposed to or if any health effects will occur .

Has the federal government made recommendations to protect human health ?

The National Institute for Occupational Safe ty and Health (NIOSH ) recommends that the levels of
hydrazine and 1,1-dimethylhydrazine in workplace air not exceed 0 .03 and 0.6 parts of compound per

million parts of air (0 .03-0.6 ppm), respectively, for a 2-hour period .

• The Occupational Safety and Health Administration (OSHA) limits the amount of hydrazine and
1, 1 -dimethylhydrazine in workplace air to 1 and 0 .5 ppm, respectively, for an 8-hour workday .

The Food and Drug Administration (FDA) has ruled that hydrazine cannot be added to water used for
making steam which will contact food . The EPA requires that spills or accidental releases into the
environment of 1 pound or more of hydrazine or 1,2-dimethylhydrazine, or more than 10 pounds o f

1, 1 -dimethylhydrazine be reported to the EPA .

Glossary

Carcinogen :
A substance with the ability to cause cancer

CAS :
Chemical Abstracts Service

Evaporate :
To change into a vapor or g as

Ingest :
To eat or drink something

PPM:
Parts per million

•
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Source of Informatio n

This ToxFAQs information is taken from the 1997 Toxicological Profile for Hydrazines produced by the
Agency for Toxic Substances and Disease Registry, Public Health Service, U .S . Department of Health
and Human Services, Public Health Service in Atlanta, GA .

Animal testing is sometimes necessary to find out how toxic substances might harm people and how to
treat people who have been exposed . Laws today protect the welfare of research animals and scientist s
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•

must follow strict guidelines .

Where can I get more information ?

ATSDR can tell you where to find occupational and environmental health clinics . Their specialists can
recognize, evaluate, and treat illnesses resulting from exposure to hazardous substances . You can also

contact your community or state health or environmental quality department if you have any more
questions or concerns .

For more information , contact :

Agency for Toxic Substances and Disease Registry
Division of Toxicology
1600 Clifton Road NE, Mailstop E-29
Atlanta, GA 3033 3

Phone: 1-800-447-1544
Fax : 404-639-6359

Public Health Service
Agency for Toxic Substances and Disease Registry

U.S. Department of Health and Human Service s

Link to ToxFAQs Home Page

Link to ATSDR Science Corner

• Link to ATSDR Home Page

•
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A TSDR Information Center / ATSDRIC ancdt . gov / 1-800-447-1544
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Hazard Summary

• Symptoms of acute (short-term) exposure to high levels of hydrazine include irritation of the eyes,
nose, and throat, temporary blindness, dizziness, headache, nausea, pulmonary edema, seizures,
and coma in humans . Acute exposure can also damage the liver, kidneys, and central nervous
system in humans . The liquid is corrosive and may produce chemical burns and severe
dermatitis from skin contact .

• Information is not available on the chronic (long-term) effects of hydrazine in humans . In rats
chronically exposed to hydrazine by inhalation, inflammatory changes of the respiratory tract were
observed. In another chronic inhalation study, rats demonstrated depressed growth rates, liver
damage occurred in mice, and fatty changes in the liver and spleen were reported in dogs .

• The U .S . Environmental Protection Agency (EPA) has not established a Reference Concentration
(RfC) or a Reference Dose (RID) for hydrazine .

• Information is not available on the reproductive or developmental effects of hydrazine in humans .
• Hydrazine is fetotoxic to rodents exposed by injection. Reduced ratio of fetal survivors to

implantation sites, reduced fetal weight, and generalized edema, but no gross malformations were
observed in rats .

• Adequate information is not available on the carcinogenic effects of hydrazine in humans .
Increased incidences of lung and liver tumors have been observed in mice exposed to hydrazine by
inhalation, in their drinking water, via gavage and injection . Tumors in the nasal cavity were
observed in rats and hamsters exposed by inhalation . EPA has classified hydrazine as a Group B2,
probable human carcinogen of high carcinogenic hazard , with a I/EDI p value of 107 per

(mg/kg)da and an inhalation unit risk estimate of 4 .9 x 10-3 (g/m3)-1 .

a The 1 /EDIp value is a measure of the carcinogenic potency of a chemical . The value reported here has
been proposed in the hazard ranking of hazardous air pollut ants in EPA's proposed rulemaking (Section
112(g) of the Clean Air Act, April 1994) .

Please Note : The main sources of information for this fact sheet are EPA's Integrated Risk Information
System (IRIS), which contains information on the carcinogenic effects of hydrazine including the unit
cancer risk for inhalation exposure, and EPA's Health and Environmental Effects Profile for Hydrazine .
Other secondary sources include the Hazardous Substances Data Bank (HSDB ), a database of
summaries of peer-reviewed literature , and the Regist ry of Toxic Effects of Chemical Substances
(RTECS), a database of toxic effects that are not peer reviewed .

EnvironmentallOccupational Exposur e

• • Individuals may be occupationally exposed to hydrazine in the workplace . (1,2)
• Accidental discharge into water, air, and soil may occur during storage, handling, transport, and

improper waste disposal . However, hydrazine rapidly degrades in the environment and is rarely
encountered . (2,3)
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• Hydrazine has been detected in tobacco smoke . (2)

• Assessing Personal Exposure

• Hydrazine may be detected in the blood of exposed individuals . (1,2)

Health Hazard Informatio n

Acute Effects:

• Symptoms of acute (short-term) exposure to high levels of hydrazine include irritation of the eyes,
nose, and throat, temporary blindness, dizziness, headache, nausea, pulmonary edema, seizures,

and coma in humans. Acute exposure can also damage the liver, kidneys, and CNS in humans .

(2-4)
• The liquid is corrosive and may produce chemical bums and severe dermatitis from skin contact .

(1,4)
• Acute animal tests, such as the LC50 and LD50 tests in rats, mice, rabbits, and guinea pigs, have

demonstrated hydrazine to have high acute toxicity from inhalation and ingestion and extreme
acute toxicity from dermal exposure . (5 )

Chronic Effects (Noncancer) :

• Information is not available on the chronic (long-term) effects of hydrazine in humans .

• In rats chronically exposed to hydrazine by inhalation, inflammatory changes of the respiratory
• tract were observed . In another chronic inhalation study, rats demonstrated depressed growth rates,

liver damage occurred in mice, and fatty changes in the liver and spleen were reported in dogs . (6)

• EPA has not established an RfC or an RfD for hydrazine . (4)

Reproductive/Developmental Effects :

• Information is not available on the reproductive or developmental effects of hydrazine in humans .
• Hydrazine is fetotoxic to rodents exposed by injection . Reduced ratio of fetal survivors to

implantation sites , reduced fetal weight, and no gross malformations, but generalized edema, were
observed in rats . (6 )

Cancer Risk:

• Adequate information is not available on the carcinogenic effects of hydrazine in humans .
• Increased incidences of lung and liver tumors have been observed in mice exposed to hydrazine by

inhalation, in their drinking water, via gavage and injection . Tumors in the nasal cavity were
observed in rats and hamsters exposed by inhalation . (4,6,7)

• EPA has classified hydrazine as a Group B2, probable human carcinogen. (4)
• EPA uses mathematical models, based on human and animal studies, to estimate the probability of

a person developing cancer from breathing air containing a specified concentration of a chemical .

EPA calculated an inhalation unit risk estimate of 4 .9 x 10-3 (g/m3)-1 . EPA estimates that, if an

individual were to breathe air containing hydrazine at 0 .0002 g/m3L over his or her entire
lifetime, that person would theoretically have no more than a one-in-a-million increased chance of

developing cancer as a direct result of breathing air containing this chemical . Similarly, EPA

estimates that breathing air containing 0 .002 µg/m3 would result in not greater than a

one-in-a-hundred thousand increased chance of developing cancer, and air containing 0 .02 sg/m3
would result in not greater than a one-in-ten thousand increased chance of developing cancer . (4)

• EPA's Office of Air Quality Planning and Standards, for a hazard ranking under Section 112(g) o f
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the Clean Air Act Amendments, has ranked hydrazine in the nonthreshold category . The 1/ED10

value is 107 per (mg/kg)/d and this would place it in the high category under Superfund's ranking

for carcinogenic hazard. ( )

Physical Properties

• The chemical formula for hydrazine is H4N2, and its molecular weight is 32 .05 g/mol. (6)

• Hydrazine occurs as a colorless, oily, flammable liquid that is miscible with water . (6,8)

• Hydrazine has a penetrating odor, resembling that of ammonia, with an odor threshold of 3 .7 ppm .

(8,9 )
• The vapor pressure for hydrazine is 14 .4 mm Hg at 25 C, and its log octanol/water partition

coefficient (log KoN,) is 0 .08. (6)

Uses

• Hydrazine is used in agricultural chemicals (pesticides), blowing agents, pharmaceutical
intermediates, photography chemicals, water treatment for corrosion protection, textile dyes, and
jet and rocket fuel . (4,6,8)

Conversion Factors :

To convert from ppm to mg/m3: mg/m3 = (ppm) x (molecular weight of the compound)/(24 .45) . For

hydrazine: 1 ppm =1.31 mg/m3.

Health Data from Inhalation Exposure

Concentration

(mg/m3) 7

Health numberse Regulatory, advisory

numbersb

Reference

1,000.0

• LC50 (rats) (747 mg/m3 )

• LC50 (mice) (330 mg/m3)

5

100.0

10.0

• MSHA standard

(1 .3 mg/m3)

5

1 .0

• OHSA PEL (0 . 1

mg/m3)

5

0 . 1

3of5 6/24198 11 :20 AM

BNA08768238

H DMS POO1793925



HYDRAZINE http ://www,epa.gov/ttrtiuatw/hlthef/hydrazin .litni l

0 01

. ACGIH TLV

(0 .01 mg/m3)

5

.

0.00 1

0.000 1

0.0000 1

0.000001

. EPA Cancer Risk Level
(1-in-a-million excess lifetime risk)

= 2.0 x 10-7 mg/m3

3

0.0000001

ACGIH TLV--American Conference of Governmental and Industrial Hygienists' threshold limit value
expressed as a time-weighted average ; the concentration of a substance to which most workers can be
exposed without adverse effects .
LC50 (Lethal Concentration50)--A calculated concentration of a chemical in air to which exposure for a

specific length of time is expected to cause death in 50% of a defined experimental animal population .
MSHA--Mine Safety and Health Administration .

OSHA PEL--Occupational Safety and Health Administration's permissible exposure limit expressed as a
time-weighted average ; the concentration of a substance to which most workers can be exposed without
adverse effect averaged over a normal 8-h workday or a 40-h workweek .

a Health numbers are toxicological numbers from an imal testing or risk assessment values developed by
EPA.

b Regulatory numbers are values that have been incorporated in Gove rnment regulations , while advisory
numbers are nonregulatory values provided by the Government or other groups as advice .
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1 . *Micrograms per cubic meter is the unit of measurement for chemicals in air .
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METHYLHYDRAZINE

Hazard Summary

• Acute (short-term) inhalation exposure to high levels of methylhydrazine may cause lacrimation,
eye redness , nasal and respiratory irritation, headache, malaise, vomiting , diarrhea , ataxia,
anoxia, cyanosis , tremors, and convulsions in humans. Acute exposure to methylhydrazine in
humans has also been observed to affect the blood, kidneys, and liver . Methylhydrazine is highly
corrosive and irritating to the skin, eyes, and mucous membranes of the respiratory system .

• Chronic (long-term) inhalation exposure to methylhydrazine has been observed to impair
function of the kidneys and liver , affect the blood and spleen , and cause convulsions in
animals .

• The Reference Concentration (RfC) for methylhydrazine is under review by the U .S.
Environmental Protection Agency (EPA) .

• EPA has not established a Reference Dose (RID) for methylhydrazine .
• No information is available on the reproductive or developmental effects of methylhydrazine in

humans. Reproductive effects, including changes in the morphology of sperm, have been reported
• in mice orally exposed to methylhydrazine .

• Information on the carcinogenic effects of methylhydrazine in humans is not available and limited
animal data are available . In one study, an increased incidence of liver tumors and tumors of the
cecum were observed in hamsters exposed to methylhydrazine in drinking water . However,
several other studies of orally exposed rodents did not report increased incidences of tumors . EPA
has classified methylhydrazine as a Group B2 , probable human carcinogen of medium

carcinogenic hazard , with a 1/EDIp value of 4.1 per (mg/kg)/d . a

a The 1 /ED 10 value is a me asure of the carcinogenic potency of a chemical . The value repo rted here has

been proposed in the hazard ranking of hazardous air pollut ants in EPA's proposed rulemaking (Section
112(g) of the Clean Air Act, April 1994) .

Please Note : The main sources of information for this fact sheet are EPA's Health and Environmental
Effects Profile for Methylhydrazine and the Hazardous Subst ances Data Bank (HSDB), a database of
summaries of peer-reviewed literature . Other secondary sources include Si ttig's Handbook of Toxic and
Hazardous Chemicals and Carcinogens and the Registry of Toxic Effects of Chemical Substances
(RTECS), a database of toxic effects that are not peer reviewed .

Environmental /Occupational Exposure

• Individuals may be exposed to methylhydrazine in the ambient atmosphere during its use as rocket
fuel, and from spills, leaks, and venting during loading, transfer, and storage . (1 )

• Individuals may be exposed to methylhydrazine in the workplace .
• Exposure to methylhydrazine may occur through the consumption of a species of edible

mushroom. (2)
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Assessing Personal Exposure

• No information was located concerning the measurement of personal exposure to
methylhydrazine .

Health Hazard Informatio n

Acute Effects:

• Acute (short-term) inhalation exposure to high levels of methylhydrazine may cause lacrimation,
eye redness, nasal and respiratory irritation, headache, malaise, vomiting, diarrhea, ataxia, anoxia,
cyanosis, tremors, and convulsions in humans . (1-3)

• Methemoglobin formation and damage to the kidneys and liver may also occur following acute
exposure . (1 )

• Fatal hepatic necrosis developed following acute exposure of humans by ingestion of poisonous
mushrooms containing methylhydrazine . (2 )

• Acute exposure of humans to methylhydrazine by inhalation causes effects on the blood, including

hemolytic anemia and the destruction of red blood cells . (1,2)
• Methylhydrazine is highly corrosive and irritating to the skin, eyes, and mucous membranes of the

respiratory system. (2,3 )
• Methemoglobin formation and damage to the kidneys and liver has been reported in one study

following acute percutaneous administration of methylhydrazine in dogs . (1 )
• Tests involving acute exposure of animals, such as the LC50 and LD50 tests in rats, mice, rabbits,

hamsters, and guinea pigs, have demonstrated methylhydrazine to have high acute toxicity from
inhalation exposure, extreme acute toxicity from oral exposure, and high to extreme acute toxicity

from dermal exposure . (4 )

• • EPA's Office of Air Quality Planning and Standards, for a hazard ranking under Section 112(g) of
the Clean Air Act Amendments, considers methylhydrazine to be a "high concern" pollutant based

on severe acute toxicity. (5)

Chronic Effects (Non cancer) :

• Chronic (long-term ) inhalation exposure to methylhydrazine has been observed to impair function
of the kidneys and liver, affect the blood and spleen, and cause convulsions in animals . (1)

• The RfC for methylhydrazine is under review by EPA . (6)
• EPA has not established an RfD for methylhydrazine . (6)

Reproductive/Developmental Effects :

• No information is available on the reproductive or developmental effects of methyl-hydrazine in
humans.

• Malformations have not been observed in the offspring of rats orally exposed to methylhydrazine,
while malformations were reported in the toad . (1,2)

• The morphology of sperm has been reported to be affected in mice orally exposed to
methylhydrazine. (1,2)

Cancer Risk:

• • No information is available on the carcinogenic effects of methylhydrazine in humans .
• In one study, an increased incidence of liver tumors and tumors of the cecum were observed in

hamsters exposed to methylhydrazine in drinking water . However, several other studies of orally
exposed rodents did not report increased incidences of tumors . (1,2)
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• EPA considers methylhydrazine to be a probable human carcinogen (cancer-causing agent) and
has classified it as a Group B2 carcinogen . (5 )

• EPA's Office of Air Quality Planning and Standards, for a hazard ranking under Section 112(g) of
the Clean Air Act Amendments, has ranked methylhydrazine in the nonthreshold category . The

1/ED10 value is 4.1 per (mg/kg)/d and this would place it in the medium category under

Superfund's ranking for carcinogenic hazard. (5)

Physical Properties

• The chemical formula for methylhydrazine is CH6N2, and its molecular weight is 46 .1 g/mol .

(1,7 )
• Methylhydrazine is a colorless, flammable liquid that is miscible with water . (1 )

• Methylhydrazine has an ammonia-like fishy smell with an odor threshold of 1 .7 ppm. (1,8)

• The vapor pressure for methylhydrazine is 49 .6 mm Hg at 25 C, and its log octanol/water partition

coefficient (log K,,,) is -1 .50. (1,2)

Uses

• Methylhydrazine is primarily used as a high-energy fuel in military applications, as a rocket
propellant and fuel for thrusters, and as fuel for small electrical power generating units . (1,2,7)

• Methylhydrazine is also used as a chemical intermediate and as a solvent . (2,7)

Conversion Factors :

To convert from ppm to mg/m3: mg/m3 = (ppm) x (molecular weight of the compound)/(24.45) .

For methylhydrazine: 1 ppm =1.88 mg/m3 .

•

0
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Concentration (mg/m3) Health numbersa Regulatory, advisory numbersb Referenc e

1,000 . 0

00.0

• LC50 (hamsters)

(270 mg/m3)
• LC50 (mice) (106

mg/m3)

4

4

• LC50 (rats) (64

mg/m3)

4

10 . 0

1 .0

• OSHA PEL and MSH A

standard (0 .35 mg/m3)

4

0.1

• NIOSH REL (0 .08 mg/m3)

• ACGIH TLV (0 .02 mg/m3)

4

4

0.0 1

ACGIH TLV--American Conference of Governmental and Industrial Hygienists' threshold limit value
expressed as a time-weighted average; the concentration of a substance to which most workers can be

exposed without adverse effects .
LC50 (Lethal Concentration50)--A calculated concentration of a chemical in air to which exposure for a

specific length of time is expected to cause death in 50% of a defined experimental animal population .
MSHA--Mine Safety and Health Administration .

NIOSH REL--National Institute of Occupational Safety and Health's recommended exposure limit ;
NIOSH-recommended exposure limit for an 8- or 10-h time-weighted-average exposure and/or ceiling .

OSHA PEL--Occupational Safety and Health Administration's permissible exposure limit expressed as a
time-weighted average ; the concentration of a substance to which most workers can be exposed without
adverse effect averaged over a normal 8-h workday or a 40-h workweek .

a Health numbers are toxicological numbers from an imal testing or risk assessment values developed by

EPA .

b Regulatory numbers arc values that have been incorporated in Government regulations, while advisory

numbers are nonregulatory values provided by the Government or other groups as advice .
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is

HYDRAZINE
(Group 2B)

For definition of Groups, see Preamble Evaluation .

Supplement 7 : (1987) (p . 222)

CAS No. : 302-01- 2

A. Evidence for carcinogenicity to humans (inadequate)

Two reports of cancer mortality in workers exposed to hydrazine have appeared in recent years .

Choroidal melanoma was observed in one man who had been exposed to hydrazine for six years [ref : 1 ] .

A preliminary report of an epidemiological study of men engaged in hydrazine manufacture revealed no

unusual excess of cancer . This study comprised 423 men, with a 64% vital status ascertainment . None of

the five cancers reported (three of the stomach, one prostatic and one neurogenic) occurred in the group

with the highest exposure [ref: 2] . A follow-up study of this cohort [ref: 3] has extended it to 1982 .

Mortality from all causes was not elevated (49 observed, 61 .47 expected), and the only excess entailed

two lung cancer cases within the highest exposure category, with a relative risk of 1 .2 (95% confidence

interval, 0 .2-4 .5) .

B. Evidence for carcinogenici ty to animals (sufficient )

Hydrazine has been tested in mice by oral administration, producing liver and mammary tumours and

lung tumours in both P and F, generations; after intraperitoneal administration to mice, it produced lung

tumours, leukaemias and sarcomas [ref: 4,5] . After oral administration to rats, it produced lung and liver

tumours [ref: 4] . When tested by inhalation, it produced benign and malignant nasal tumours in rats ,
• benign nasal polyps, a few colon tumours and thyroid adenomas in hamsters, and a slight increase in the

incidence of lung adenomas in mice [ref: 6] .

C. Other relevant data

•

11 lof2

No data were available on the genetic and related effects of hydrazine in humans .

Hydrazine did not induce dominant lethal mutations or micronuclei in bone-marrow cells of mice treated

in vivo . It induced unscheduled DNA synthesis in human cells in vitro . It did not induce chromosomal

aberrations in rat cells in vitro but induced sister chromatid exchanges in Chinese hamster cells ;

conflicting results were obtained for the induction of mutation in mouse lymphoma cells . It induced

DNA strand breaks in rat hepatocytes in vitro . Hydrazine induced somatic mutation in Drosophila and

chromosomal aberrations and mutation in plants . It was mutagenic to yeast and bacteria and induced

DNA damagc in bacteria [ref: 7] .

Overall evaluation

Hydrazine is possibly carcinogenic to humans (Group 2B) .

For definition of the italicized terms, see Preamble Evaluation.

Also see previous evaluation : Vol. 4 (1974)
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hydrazine . Fundam. appl. Toxicol ., 5, 1050-1064

7 . IARC Monographs, Suppl . 6, 341-343, 1987

Synonym s

• Diamide
• Diamine
• Hydrazine base

Last updated : 3 March 1998
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HYDRAZINE

is
VOL.: 4 (1974) (p . 127)

5. Summary of Data Reported and Evaluation

5.1 Animal carcinogenicity data

Hydrazine or hydrazine salts have been shown to be carcinogenic in mice after oral and intraperitoneal
administration, and in rats following oral administration . No tumours were observed in Syrian golden

hamsters after oral administration .

5.2 Human carcinogenicity data

No epidemiological data are available to the Working Group .

Subsequent evaluation : SSu pl . 7 (1987)

Last updated: 16 March 199 8
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1,1-DIMETHYLHYDRAZINE

• VOL. : 4 (1974) (p . 137)

CAS No.: 57-14-7

5. Summary of Data Reported and Evaluation

5.1 Animal carcinogenicity data

1,1-Dimethylhydrazine (UDMH) is carcinogenic in mice after oral administration . The observation of a
few liver tumours after high oral doses of UDMH occurring in rats after a long latent period does not
allow a proper evaluation of the carcinogenic effect in this species .

5.2 Human carcinogenici ty data

No epidemiological data are available to the Working Group .

Subsequent evaluation : Suppl . 7 (1987) (p . 62 : Group 2B)

For definition of Groups, see Preamble Evaluation .

Synonyms

• Asymmetrical-dimethylhydrazine
• Dimazine
• Dimethylhydrazine

• • N,N-Dimethylhydrazine

• UDMH
• UNS-dimethylhydrazine
• Unsymmetrical dimethylhydrazin e

Last updated: 16 March 1998

•
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12. Evaluatio n

• Evaluations of the strength of the evidence for carcinogenicity arising from human and experimental

animal data are made, using standard terms .

It is recognized that the criteria for these evaluations, described below, cannot encompass all of the

factors that may be relevant to an evaluation of carcinogenicity . In considering all of the relevant
scientific data, the Working Group may assign the agent, mixture or exposure circumstance to a higher

or lower category than a strict interpretation of these criteria would indicate .

(a) Degrees of evidence for carcinogenicity in humans and in experimental animals and supporting
evidence

•

These categories refer only to the strength of the evidence that an exposure is carcinogenic and not to the
extent of its carcinogenic activity (potency) nor to the mechanisms involved . A classification may

change as new information becomes available .

An evaluation of degree of evidence, whether for a single agent or a mixture, is limited to the materials
tested, as defined physically, chemically or biologically . When the agents evaluated are considered by
the Working Group to be sufficiently closely related, they may be grouped together for the purpose of a
single evaluation of degree of evidence .

(i) Carcinogenicity in humans

The applicability of an evaluation of the carcinogenicity of a mixture, process, occupation or industry on
the basis of evidence from epidemiological studies depends on the variability over time and place of the

mixtures, processes, occupations and industries . The Working Group seeks to identify the specific
exposure, process or activity which is considered most likely to be responsible for any excess risk . The
evaluation is focused as narrowly as the available data on exposure and other aspects permit .

The evidence relevant to carcinogenicity from studies in humans is classified into one of the following
categories :

Sufficient evidence of carcinogenicity : The Working Group considers that a causal relationship has been
established between exposure to the agent, mixture or exposure circumstance and human cancer . That is,
a positive relationship has been observed between the exposure and cancer in studies in which chance,

bias and confounding could be ruled out with reasonable confidence .

Limited evidence of carcinogenicity : A positive association has been observed between exposure to the
agent, mixture or exposure circumstance and cancer for which a causal interpretation is considered by

the Working Group to be credible, but chance, bias or confounding could not be ruled out with
reasonable confidence .

Inadequate evidence of carcinogenicity : The available studies are of insufficient quality, consistency or

statistical power to permit a conclusion regarding the presence or absence of a causal association, or no
data on cancer in humans are available .

Evidence suggesting lack of carcinogenicity : There are several adequate studies covering the full range
of levels of exposure that human beings are known to encounter, which are mutually consistent in not
showing a positive association between exposure to the agent, mixture or exposure circumstance and any
studied cancer at any observed level of exposure . A conclusion of'evidence suggesting lack of
carcinogenicity' is inevitably limited to the cancer sites, conditions and levels of exposure and length of
observation covered by the available studies . In addition, the possibility of a very small risk at the levels

• of exposure studied can never be excluded .

In some instances, the above categories may be used to classify the degree of evidence related to
carcinogenicity in specific organs or tissues .
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(ii) Carcinogenicity in experimental animals

• The evidence relevant to carcinogenicity in experimental animals is classified into one of the following

•

categories :

Sufficient evidence of carcinogenicity : The Working Group considers that a causal relationship has been

established between the agent or mixture and an increased incidence of malignant neoplasms or of an
appropriate combination of benign and malignant neoplasms in (a) two or more species of animals or (b)
in two or more independent studies in one species car ried out at different times or in different
laboratories or under different protocols .

Exceptionally, a single study in one species might be considered to provide sufficient evidence of
carcinogenicity when malign ant neoplasms occur to an unusual degree with regard to incidence, site,
type of tumour or age at onset .

Limited evidence of carcinogenicity : The data suggest a carcinogenic effect but are limited for making a

definitive evaluation because, e .g. (a) the evidence of carcinogenicity is restricted to a single experiment ;
or (b) there are unresolved questions regarding the adequacy of the design, conduct or interpretation of

the study ; or (c) the agent or mixture incre ases the incidence only of benign neoplasms or lesions of
unce rtain neoplastic potential , or of certain neoplasms which may occur spontaneously in high
incidences in certain strains .

Inadequate evidence of carcinogenicity : The studies cannot be interpreted as showing either the presence
or absence of a carcinogenic effect because of major qualitative or qu antitative limitations , or no data on
cancer in experimental animals are available .

Evidence suggesting lack of carcinogenicity: Adequate studies involving at least two species are
available which show that, within the limits of the tests used, the agent or mixture is not carcinogenic . A
conclusion of evidence suggesting lack of carcinogenicity is inevitably limited to the species, tumour
sites and levels of exposure studied .

(b) Other data relevant to the evaluation of carcinogenicity and its mechanism s

Other evidence judged to be relevant to an evaluation of carcinogenicity and of sufficient importance to
affect the overall evaluation is then described . This may include data on preneopl astic lesions, tumour
pathology, genetic and related effects, structure-activity relationships, metabolism and
pharmacokinetics, physicochemical parameters and analogous biological agents .

Data relevant to mechanisms of the carcinogenic action are also evaluated . The strength of the evidence
that any carcinogenic effect observed is due to a particular mechanism is assessed , using terms such as
weak, moderate or strong . Then, the Working Group assesses if that particular mechanism is likely to be
operative in humans . The strongest indications that a pa rt icular mechan ism operates in humans come
from data on humans or biological specimens obtained from exposed humans . The data may be
considered to be especially relevant if they show that the agent in question has caused changes in
exposed humans that are on the causal pathway to carcinogenesis . Such data may, however, never
become available , because it is at le ast conceivable that ce rtain compounds may be kept from hum an use
solely on the basis of evidence of their toxicity and/or carcinogenicity in experimental systems .

For complex exposures, including occupational and indust rial exposures, the chemical composition and
the potential contribution of carcinogens known to be present are considered by the Working Group in
its overall evaluation of human carcinogenicity, The Working Group also determines the extent to which

the materials tested in experimental systems are related to those to which humans are exposed .

. (c) Overall evaluatio n

2 of 4

Finally, the body of evidence is considered as a whole, in order to reach an overall evaluation of the
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carcinogenicity to humans of an agent, mixture or circumstance of exposure .

An evaluation may be made for a group of chemical compounds that have been evaluated by the
Working Group. In addition, when supporting data indicate that other, related compounds for which

there is no direct evidence of capacity to induce cancer in humans or in animals may also be
carcinogenic, a statement describing the rationale for this conclusion is added to the evaluation narrative ;

an additional evaluation may be made for this broader group of compounds if the strength of the
evidence warrants it .

The agent, mixture or exposure circumstance is described according to the wording of one of the
following categories, and the designated group is given . The categorization of an agent, mixture or
exposure circumstance is a matter of scientific judgement, reflecting the strength of the evidence derived

from studies in humans and in experimental animals and from other relevant data .

• Group 1 : The agent (mixture) is carcinogenic to humans .
The exposure circumstance entails exposures that are carcinogenic to humans.

This category is used when there is sufficient evidence of carcinogenicity in humans . Exceptionally, an

agent (mixture) may be placed in this category when evidence in humans is less than sufficient but there

is sufficient evidence of carcinogenicity in experimental animals and strong evidence in exposed humans

that the agent (mixture) acts through a relevant mechanism of carcinogenicity .

•

• Group 2

This category includes agents, mixtures and exposure circumstances for which, at one extreme, the
degree of evidence of carcinogenicity in humans is almost sufficient, as well as those for which, at the
other extreme, there are no human data but for which there is evidence of carcinogenicity in

experimental animals . Agents, mixtures and exposure circumstances are assigned to either group 2A
(probably carcinogenic to humans) or group 2B (possibly carcinogenic to humans) on the basis of
epidemiological and experimental evidence of carcinogenicity and other relevant data .

• Group 2A : The agent (mixture) is probably carcinogenic to humans.
The exposure circumstance entails exposures that are probably carcinogenic to humans .

This category is used when there is limited evidence of carcinogenicity in humans and sufficient
evidence of carcinogenicity in experimental animals . In some cases, an agent (mixture) may be classified
in this category when there is inadequate evidence of carcinogenicity in humans and sufficient evidence
of carcinogenicity in experimental animals and strong evidence that the carcinogenesis is mediated by a
mechanism that also operates in humans . Exceptionally, an agent, mixture or exposure circumstance
may be classified in this category solely on the basis of limited evidence of carcinogenicity in humans .

• Group 2B : The agent (mixture) is possibly carcinogenic to humans .
The exposure circumstance entails exposures that are possibly carcinogenic to humans .

This category is used for agents, mixtures and exposure circumstances for which there is limited
evidence of carcinogenicity in humans and less than sufficient evidence of carcinogenicity in

experimental animals . It may also be used when there is inadequate evidence of carcinogenicity in
humans but there is sufficient evidence of carcinogenicity in experimental animals . In some instances, an
agent, mixture or exposure circumstance for which there is inadequate evidence of carcinogenicity in
humans but limited evidence of carcinogenicity in experimental animals together with supporting
evidence from other relevant data may be placed in this group .

• Group 3: The agent (mixture or exposure circumstance) is not classifiable as to its
carcinogenicity to humans .

3 of 4

This category is used most commonly for agents, mixtures and exposure circumstances for which the
evidence of carcinogenicity is inadequate in humans and inadequate or limited in experimental animals .
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Exceptionally, agents (mixtures) for which the evidence of carcinogenicity is inadequate in humans but

sufficient in experimental animals may be placed in this category when there is strong evidence that the
mechanism of carcinogenicity in experimental animals does not operate in humans .

Agents, mixtures and exposure circumstances that do not fall into any other group are also placed in this

category .

• Group 4 : The agent (mixture) is probably not carcinogenic to humans.

This category is used for agents or mixtures for which there is evidence suggesting lack of

carcinogenici ty in humans and in experimental an imals . In some instances , agents or mixtures for which

there is inadequate evidence of carcinogenicity in humans but
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IDENTIFICATION - - - -

PRODUCT 4 : 21515- 5
CAS f? :302-01-2 NAME : HYDRAZINE, ANHYDROUS, 98%

MF : H4N 2

SYNONYMS
ANHYDRJUS HYDRAZINE (UN2029) (DOT) :* DIA!1IDE * DIAMINE * HYDRAZINE
(ACGIH,OSHA) * HYDRAZINEr ANHYDROUS (UN2029) (DOT) * HYDRAZINE,
AQUEOUS SOLUTION (UN2030) (DOT) * HYDRAZYNA (POLISH) * RCRA WASTE
NUMBER U133 * UN 2029 (DOT) * UN 2030 (DOT) *

RTECS 4: !1U7175000

TOXICITY HAZARDS - - - -

HYDRAZIN E

TOXICITY DAT A
ORL-RAT LD50 :60 MG /KG MEPAAX 24,71,73
HL-RAT LC50 :570 PPM/4H AMIHAB 12,609,5 5

.PR-RAT L050 : 59 MG/KG HEPAAX 24,71,73

IVN-RAT L050 : 55 MG/ KG MEPAAX 24,71,73
IMS-RAr L050 :53500 UG / KG GTPZA3 6(6),53,7 2
ORL-MUS L050 :59 MG/ KG MEPAAX 24,71 73

IHL-MUS LC50 :252 PPM/4H AMIHAB 12,60 ,5 5
IPR-MUS L050 :62 MG/ KG MEPAAX 24,71,7 3

IVN-MUS 1050 :57 MG /KG MEPAAX 24,7197 3
UPIR-MUS LD50 : 200 MG / KG BJCAAI 6,160,5 2
IVN-DOG LD50 : 25 MG /KG MEPAAX 24,71,7 3

IMS-DOG L050 :16500 UG / KG GTPZAB 6(6),53,7 2

SKN-RBT L050 : 91 MG/KG AMIHBC 9,199,5 4
IVN-R3T L050 : 20 ?1G/KG AMIHBC 9 199,5 4
IMS-RBT L050 : 38500 UG/ KG GTPZAB 6(6),53,7 2
SKN-GPG LD50 : 190 MG / KG XAWPAZ CWL 2-10,5 8

REVIEWS, STANDARDS, AND REGULATION S
ACGIH TLV-SUSPECTED CARCINOGEN 85INA8 5,310(89),86
ACGIH TLV-TWA 0 .01 PPM (SKIN) 85INAB 5,310(89),8 6

[ARC CANCER REVIEW :ANIMAL SUFFICIENT EVIDENCE IMEMOT 4,127974
IARC CANCER REVIEW :HUMAN INADEQUATE EVIDENCE IMSUOL 7,223,87
IARC CANCER REVIEW :GROUP 2B IMSUDL 7,223,8 7
MSHA STANDARD-AIR :TWA 1 PPM (1 .3 MG/M3) (SKIN) OTLVS* 3,127,71
OSHA PtL :dH TWA 1 PPM (1 .3 MG/M3)(SKIN) FEREAC 54,2923,8 9

OSHA PEL FINAL :BH TWA 0 .1 PPM (0 .1 MG/M3)(SKIN) FEREAC 54,2923,89
UEL-AUSTRALIA :TWA 0 .1 PPM (0 .1 MG/M3) ;SKIN ;CARCINOGEN JANUARY 1993
OEL-CZECHDSLOVAKIA :TWA 0.05 MG/M3 ;STEL 0 .1 MG/M3 JANUARY 1993

CONTINUED ON NEXT PAGE
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ALDRICH

chemists helping chemists in research & industry
Telenhnne (474) 27A_9RSn

TWX: (910) 252-3052 Aldricher
Telex : 26 843

X : (414) 27314979 M

IA ric chemical co. inc■ FA

P.O. Box 355, Milwaukee, Wisconsin 53201 USA

M A T E R I A L S A F E T Y D A T A S H E E T PAGE 2

PRODUCT » '

Mr : }1442
NAME : HYDRAZINE, ANHYDROUS, 93%

CUST9 : 413003

TOXICITY HAZARDS - - - -

OEL-DENMA:K :Tr1A 0 .1 PPM (0 .13 MG/M3) ;SKt N, ;CAMMCINOGEN JANUARY 1993
DEL-FINLAND : TWA 0 .1 PPM (0 .13 MG/M3) ;STEL 0 .3 PPM (0 .4 MG/M3) ;SKIN ;
CARCINOGEN JANUARY 1993

OEL-FRAMCE : ;WA 0 .1 PPM (0 .1 MG/M3) ;CARCINOGEN JANUARY 1993
OEL-GERr1ANY ;SKI N ;CARCINOGEN JANUARY 199 3
OEL-RUSSIA :STEL 0 .1 MG/iii ;SKIN JANUARY 199 3
OEL-SWEDEN :TWA 0 .1 PPM (0 .1 MG/M3) ;STEL 0 .3 PPM (0 .4 MG/M3) ;SKIN ;
CARCINOGEN JANUARY 1993

OEL-SIITZERLAND :TWA 0 .1 PPM (0 .13 MGIM3) ;SKIN;CARCINDGEN JANUARY 1993
OEL-THE NETHERLANDS :TWA 0 .1 PPM (0 .13 MG/M3) ;SKIN JANUARY 1993
OEL-THE PHILLIPPINES :TWA 1 PPM (1 .3 MG/M3) ;SKIN JANUARY 199 3L0
EL-TURKEY :TWA 1 PPM (1 .3 MG/M3) ;SKIN JANUARY 1993

DEL-UNITED KINGDOM ;SKIN JANUARY 199 3
DEL IN BULGARIA, COLOMBIA, JORDAN, KOREA, NEW ZEALAND, SINGAPORE,
VIFTNA71 CHECK ACGIH TL V

NIOSH REL TO HYDRAZINES-AIR :CA CL 0 .03 PPM/120M NIOSH* DHHS #92-100,9 2
NOHS 1974 : HZ0 38110 ; NIS 37 ; TNF 2134 ; NOS 27 ; THE 11185
NOES 1933 : HZD 38110 ; NIS 44 ; TNF 2515 ; NOS 46 ; THE 60490 ; TFE 284 1
PA GENETOX PROGRAM 1988, POSITIVE : CARCINOGENICITY-MOUSE/RAT
_PA GENETOX PROGRAM 1988, INCONCLUSIVE : D MELANOGASTER SEX-LINKED
LETHA L

EPA TSCA CHEMICAL INVENTORY, JUNE 1990
ON EPA IRIS DATABAS E
EPA TSCA TEST SUBMISSION (TSCATS) DATA RASE, JANUARY 1993
NIOSH ANALYTICAL METHODS : SEE HYDRAZINE, 350 3
NTP 7TH ANNUAL REPORT ON CARCINOGENS, 1992 : ANTICIPATED TO BE
CARCINOGE N

OS;IA ANALYTICAL METHOD .420

TARGET ORGAN DAT A
SENSE ORGANS AND SPECIAL SENSES (OLFACTION TUMORS)
SENSE ORGANS AND SPECIAL SENSES (OTHER EYE EFFECTS)
BEHAVIORAL (CONVULSIONS OR EFFECT ON SEIZURE THRESHOLD)
LUNGS, THORAX OR RESPIRATION (DYSPNAE )
LUNGS, THORAX OR RESPIRATION (TUMORS)
GASTROINTESTINAL (COLON TUMORS)
LIVER (TUMORS )
ENDOCRINE (THYROID TUMORS)
BLO130 (TUMORS)

CONTINUED ON NEXT PAG E
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ALDRICH

chemists helping chemists in research & industry
Telephone: (414) 273-3850
TWX : 1910 )

Xx (4
26

8 273-4979MAldriche

aldrich chemical co., inc. FA

P.O. Box 355, Milwaukee, Wisconsin 53201 USA

M A T E R I A L S A F E T Y D A T A S H E E T PAGE 3

PRODUCT u :

MF : H4ii2

CUST# : 413003

NAME : HYDRAZINE , ANHYDROUS, 9d %

- - - - TOXICITY HAZARDS - -

•
HEALTH HAZARD DATA - -

ACUTE EFFECT S
MAY BE FATAL IF INHALED, SWALLOWED, OR ABSORBED THROUGH SKIN .

MATERIAL IS EXTREMELY DESTRUCTIVE TO TISSUE OF THE MUCOUS MEMBRANES
AND UPPER RESPIRATORY TRACT, EYES AND SKIN .
INHALATION MAY BE FATAL AS A RESULT nF SPASM, INFLAMMATION AND EDEMA

OF THE LARYNX AND BRONCHI, CHEMICAL PNEUMONITIS AND PULMONARY EDEMA .

SYMPTOMS OF EXPOSURE MAY INCLUDE BURNING SENSATION, COUGHING,
WHEEZING, LARYNGITIS, SHORTNESS OF BREATH, HEADACHE, NAUSEA AND
VOMITING .

MAY CAUSE ALLERGIC REACTION .
CAN CAUSE CNS DEPRESSION .
MAY CAUSE CONVULSIONS .
EXPOSURE CAN CAUSE :

DAMAGE TO THE EYE S
DAMAGE TO THE LIVE R
DAMAGE TO THE KIDNEY S
DAMAGE TO THE LUNG S
BLOOD EFFECT S

CHRONIC EFFECTS
CARCINOGEN .

CONTINUED ON NEXT PAGE
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BLOOD (LEUKEMIA )
BLOOD (LYMPHOMA INCLUDING HODGKIN'S DISEASE)
PATERNAL EFFECTS (TESTES, EPIDIDYMIS, SPERM DUCT)
MATERNAL EFFECTS (OVARIES, FALLOPIAN TUBES)
EFFECTS ON FERTILITY (POST-IMPLANTATION MORTALITY)

EFFECTS OH EMBRYO OR FETUS (FETOTOXICITY )
EFFECTS ON EM3RYO OR FETUS (FETAL DEATH )
SPECIFIC DEVELOPMENTAL ABNORMALITIES (CENTRAL NERVOUS SYSTEM)
SPECIFIC DEVELOPMENTAL ABNORMALITIES (MUSCULOSKELETAL SYSTEM)
SPECIFIC DEVELOPMENTAL ABNORMALITIES (UROGENITAL SYSTEM)
EFFECTS ON NEWBORN (VIABILITY INDEX )
TUMORIGENIC (CARCINOGENIC BY RTECS CRITERIA)
TUMORIGENIC (NEOPLASTIC BY RTECS CRITERIA )
TUMORIGENIC (EQUIVOCAL TUMORIGENIC AGENT BY RTECS CRITERIA)
ONLY SELECTED REGISTRY OF TOXIC EFFECTS Of CHEMICAL SUBSTANCES
(RTECS) DATA IS PRESENTED HERE . SEE ACTUAL ENTRY IN RTECS FOR
COMPLETE INFORMATION .

H DMS POO1793943



'ALDRICH,

chemists helping chemists in research & industry
Telephone: (414) 273-385 0
TWX : (910

) lex: 4)8
273-4979~AIdricher

aldrich chemical co., inc. Te

P.O. Box 355, Milwaukee, Wisconsin 53201 USA

PRODUCT ' :

MF : H4'42
NAME : HYDRAZINE, ANHYDROUS . 98)

CUST# : 41300 3

HEALTH HAZARD DATA - - - -

MAY ALTER GENETIC MATERIAL .
TARGET ORGAN(S) :
NERVES
BLOUD
LIVE_ ., KIDNEYS

FIRST AI D
IN CASE OF CCNTACT, IMMEDIATELY FLUSH EYES OR SKIN WITH COPIOUS
AMOUNTS OF WATER FOR AT LEAST 15 MINUTES WHILE REMOVING CONTAMINATED
CLOTHING AND SHOES .
ASSURE ADEQUATE FLUSHING OF THE EYES BY SEPARATING THE EYELIDS
WITH FINGERS .
IF INHALED , REMOVE TO FRESH AIR . IF NOT BREATHING GIVE ARTIFICIAL
RESPIRATION . IF BREATHING IS DIFFICULT , GIVE OXYGEN .

IF SWALLOWED , WASH OUT MOUTH WITH WATER PROVIDED PERSON 15 CONSCIOUS .

CALL A PHYSICIAN .
DISCARD CONTAMINATED CLOTHING AND SHOES .

• - - - - PHYSICAL DATA - - - -

BOILING POINT : 113.5 C
MELTING POINT : 1 .4 C
SPECIFIC GRAVITY : 1 .021
VAPOR D=NSITY : 1 a 37 C
VAPOR PRESSURE : 10 MM 3 30 .7 C

APPEARANCE AND ODO R
CLEAR COLORLESS LIQUI D

M A T E R I A L S A F E T Y D A T A S H E E T PAGE 4

FIRE AND EXPLOSION HAZARD DATA - - - -

FLASHPOINT 126 F
LOWER EXPLOSION LEVEL : 4 .7 ;
UPPER EXPLOSION LEVEL : 99 .99%

EXTINGUISHING MEDI A
WATEP. SPRAY .
CARBON DIOXIDE .
DRY CHE9ICAL POWDER .

CONTINUED ON NEXT PAG E
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ALDRICH

chemists helping chemists in research & industry
Telephone: (414) 273-3850
TWX : (9 10 )
Tele : 26 84

:(4114) 2734979~Aldrichel

aldrich chemical co., 1t1C■ FX

P.O. Box 355, Milwaukee, Wisconsin 53201 USA

:-1 A T E R I A L S A F E T Y D A T A S H E E T PAGE 5
- - - - - - - - - - - - - - - - - - - - - - -

PRUDUCT I :

MF : H4N2
NAME : HYDRAZINE, ANHYDROUS, 98%

COST: 41300 3

- - - FIRE AND EXPLOSION HAZARD DATA - -

SPECIAL FIREFIGHTING PROCEDURE S

WEAR SLLF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING TO

PREVENT C :7NTACT WITH SKIN AND EYES .

CUt"3USTI'JLE LIQUID .

UNUSUAL FIRE AND EXPLOSIONS HAZARDS
CATCHES FIRE IF EXPOSED TO AIR .
MAY EXPLODE WHEN HEATED .
REDUCING AGENT .
EMITS TOXIC FUMES UNDER FIRE CONDITIONS .

- - - - REACTIVITY DATA - - - -

INCOMPATIBILITIES
OXIDIZING AGENTS
OXYGE N

• COPPER
I hi c

.RGA'41C MATERIAL S

HAZARDOUS COMuUSTION OR DECOMPOSITION PRODUCTS
NITROGEN OXIDES

- - - - SPILL OR LEAK PROCEDURES - -

STEPS TO 3E TAKEN IF MATERIAL IS RELEASED OR SPILLED
EVACUATE AREA .
WEAR SELF-CONTAINED BREATHING APPARATUS , RUBBER BOOTS AND HEAVY

RUBBER GLOVES .
AB,Uh;d UN SAND OR VERMICULITE AND PLACE IN CLOSED CONTAINERS FOR
DISPOSAL .
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS COMPLETE .

WASTE DISPOSAL METHOD
THIS COMBUSTIBLE MATERIAL MAY BE BURNED IN A CHEMICAL INCINERATOR
EQUIPPED WITH AN AFTERBURNER AND SCRUBBER .
03SERV& ALL FEDERAL, STATE AND LOCAL ENVIRONMENTAL REGULATIONS .

- - PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE - - - -
WEAR APPRJPRIATE NIJSH/ MSHA- APP ROVED RESPIRATOR , CHEMICAL-RESISTANT
GLOVES, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING .

CONTINUED ON NEXT PAGE
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ALDRICH,

chemists helping chemists in research & industry
Telephone : (414) 273-3850

Telex : 26 843 Aldrich M Ialdrich chemical co ■ , inc■ FAX:

(414) 273-49792 Aldriche i

P.O. Box 355, Milwaukee, Wisconsin 53201 USA

;I A T E 2 I A L S A F E T Y 0 A T A S H E E T PAGE 6
- - - - - - - - - - - - - - - - - - - - - - -

CUST4 : 41300 3

PRODUCT
NAME : HYDRAZIN E, ANHYDROUS, 98%

MF : H4V2

PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE - - - -

USE ONLY IN A CHEMICAL FUME HOOD .
SAFETY SHOWER AMMO EYE BATH .

FACESHIELD (B-INCH MINIMUM) .
DO NOT 3RLATHE VAPOR .
DO NOT G-T IN EYES, ON SKIN, ON CLOTHING .

AVOID PROLONGED OR REPEATED EXPOSURE .

READILY ABSORBED THROUGH SKIN .

WASH THURJUGHLY AFTER HANDLING .
HIGHLY TOXIC .
CORROSIVE .
SENSITIZER .
CARCINOGEN .
MUTAGEN .
KEEP TIGHTLY CLOSED .
KEEP AWAY FROM HEAT AND OPEN FLAME .
STARE IN A COOL DRY PLACE .

LABEL PRECAUTIONARY STATEMENTS
• CO''IBUSTIBLE (USA DEFINITION)

LAMMA'ILE (EUROPEAN DEFINITION)
IIGHLY TOXIC (USA DEFINITION)

TOXIC (EUROPEAN DEFINITION)
MAY CAUSE CANCER .
MAY CAUSE HERITABLE GENETIC DAMAGE .
TOXIC BY INHALATION, IN CONTACT WITH SKIN AND IF SWALLOWED .

CAUSES BURNS .
COMBUSTIBLE LIQUID .
SENSITIZER .
TARGET ORGAN(S) :

LIVE R

BLOOD
KEEP AWAY FROM SOURCES OF IGNITION . NO SMOKING .

IF YOU FEEL UNWELL, SEEK MEDICAL ADVICE (SHOW THE LABEL WHERE

POSSIBLE)-
IN CASE OF CONTACT WITH EYES, RINSE IMMEDIATELY WITH PLENTY OF
dFTER AND SEEK MEDICAL ADVICE .
WEAR SUITABLE. PROTECTIVE CLOTHING, GLOVES AND EYE/FACE

PRDDTE_CTI ON .

REGULATORY INFORMATIO N
THIS PRODUCT IS SUBJECT TO SARA SECTION 313 REPORTING REQUIREMENTS .

CONTINUED ON NEXT PAG E
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chemists helping chemists in research & industry

aldrich chemical Co., inc.
P.O. Box 355, Milwaukee, Wisconsin 53201 USA

Telephone: (414) 273-3850
TWX: (910) 262-3052 Aldriche
Telex : 26 843 Aldrich M l
FAX : (414) 273-497 9

M A T E R I A L S A F E T Y D A T A S H E E T PAGE 7
- - - - - - - - - - - - - - - - - - - - - - -

PRODUCT ii :

MF : H4N2
NAME : HYDRAZINE, ANHYDROUS, 98Z

OUST,; : 413003

ADDITIONAL PRECAUTIONS AND COMMENTS - - - -

AOOITIflUAL IIIFORMATION
WARNIjIG : )1YDaAZINE VAPOR IN AIR IS FLAMMABLE AT 4 .7 TO 100% HYDRAZINE
BY VOLUTE - HANDLE UNDER NITROGEN! SOME METALS AND ALLOYS INCLUDING

MUIIEL, ;3RJ?ILE• BRASS, CADMIUM, GOLD, MOLYBDENUM AND STAINLESS STEEL
WITH HOSE THAN 0 .5 ; MOLYBDENUM OR RUST CAUSE DECOMPOSITION OF

HYDRAZINE .

ALDRIC H

THE A30VE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT PURPORT TO
BE ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE . ALDRICH SHALL NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FORM HANDLING OR FROM CONTACT WITH
THE ABOVE PRODUCT . SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FO R
ADDITIONAL TERMS AND CONDITIONS OF SALE .

• COPYRIGHT 1993 ALDRICH CHEMICAL CO, INC .
LICENSE GRANTED TO MAKE UNLIMITED COPIES FOR INTERNAL USE ONL Y
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Alin
OCEAN NETWORK EMERGENCY PHONE 1-800 -OLIN 91 1

•

THIS MATERIAL SAFETY DATA SHEET (MSDS) HAS BEEN PREPARED IN COMPLIANCE WITH THE

FEDERAL OSHA HAZARD COMMUNICATION STANDARD,29 CFR 1910 .1200 .THIS PRODUCT MAY BE

CONSIDERED TO BE A HAZARDOUS CHEMICAL UNDER THAT STANDARD .(REFER TO THE OSHA

CLASSIFICATION IN SEC .I .)THIS INFORMATION IS REQUIRED TO BE DISCLOSED FOR SAFETY

IN THE WORKPLACE .THE EXPOSURE TO THE COMMUNITY,IF ANY,IS QUITE DIFFERENT .

I . PRODUCT IDENTIFICATION

REVISION NO 1

REVISION DATE 2/18/98

PRODUCT CODE : CPE00567f

FILE NUMBER : CPE00338 .0003

PRODUCT NAME : UNSYMMETRICAL DI METHYLHYDRAZINE

SYNONYMS : 1,1-Dimethylhydrazine, UDMH

CHEMICAL FAMILY : Hydrazine

FORMULA : CZH,N 2

USE DESCRIPTION : Propellant

OSHA HAZARD CLASSIFICATION : Carcinogen ; corrosive ; toxic by ingestion and

inhalation ; sensitizer ; liver, kidney, nervous system,

blood, and lung toxin ; skin and eye hazard ; flammabl e

II . COMPONENT DATA

•

PRODUCT COMPOSITION :

CAS or CHEMICAL NAME : 1,1-dimethylhydrazine

CAS NUMBER : 57-14-7

PERCENTAGE RANGE : 95-99

HAZARDOUS PER 29 CFR 1910 .1200 : Yes

EXPOSURE STANDARDS :

OSHA(PEL)

ppm mg/cubic-meter

TWA: 0.5 1 (skin)

CEILING: None

STEL: None

OC 932

ACGIH(TLV)

ppm mg/cubic-meter

0 .01 0.025 (skin)

None

None
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CAS or CHEMICAL NAME : Dimethyl amine

CAS NUMBER : 124-40- 3

PERCENTAGE RANGE : 1-5

HAZARDOUS PER 29 CFR 1910 .1200 : Yes

EXPOSURE STANDARDS :

OSHA(PEL)

ppm mg/cubic-meter

TWA: 10 18

CEILING: None

STEL: None

CAS or CHEMICAL NAME : Water

CAS NUMBER : 7732-18-5

PERCENTAGE RANGE : 0 .1- 1

HAZARDOUS PER 29 CFR 1910 .1200 : No

EXPOSURE STANDARDS : None Established

ACGIH(TLV)

ppm mg/ cubic-meter

5 9.2

None

15 27 . 6

III . PRECAUTIONS FOR SAFE HANDLING AND STORAGE

DO NOT TAKE INTERNALLY . AVOID CONTACT WITH SKIN, EYES AND CLOTHING . UPON

CONTACT WITH SKIN OR EYES, WASH OFF WITH WATER . AVOID BREATHING MIST OR

VAPOR .

STORAGE CONDITIONS : Store away from heat, sparks , open flame and

oxidants . Store only in well-ventilated areas . Do not contaminate . All

containers and handling equipment for 1,1-dimethyl hydrazine should be

electrically grounded . An inert atmosphere must be maintained over

1,1-dimethyl hydrazine at all times . Nitrogen has been adopted as the

padding material for 1,1-dimethyl hydrazine storage and transfer .

DO NOT STORE AT TEMPERATURES ABOVE : 51 Deg .C ( 124 Deg .F)

OTHER : DO NOT EXPOSE TO DIRECT LIGHT .

PRODUCT STABILITY AND COMPATIBILITY

SHELF LIFE LIMITATIONS : 5 Years if not opened and exposed to the

atmosphere . Material older than 5 years should be retested before

use .

INCOMPATIBLE MATERIALS FOR PACKAGING: Avoid molybdenum-containing

alloys such as Hastelloy C and copper-containing alloys . 1,1-Dimethyl

hydrazine can be packaged in stainless steels, aluminum , TEFLON(R),

and polyethylene .

INCOMPATIBLE MATERIALS FOR STORAGE OR TRANSPORT : Oxidizing agents,

metal oxides, and organic materials with high surface area or porous

surfaces such as rags,-cotton waste, and sawdus t

IV. PHYSICAL DATA

APPEARANCE : Clear, colorless liquid

FREEZING POINT ; -57 Deg .C (-71 Deg .F)

BOILING POINT : 63 Deg .C (146 Deg .F)

DECOMPOSITION TEMPERATURE : 371 Deg .C (700 Deg .F)

is
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SPECIFIC GRAVITY : 0 .78

BULK DENSITY : 0 .784 (g/cc)

pH @ 25 DEG .C : 9 .5-10 .5 (5% in neutral distilled water)

VAPOR PRESSURE @ 25 DEG .C : 157 mm Hg

SOLUBILITY IN WATER : Completely miscible

VOLATILES, PERCENT BY VOLUME : 100

EVAPORATION RATE : No Data

VAPOR DENSITY : 2 .1 (air=1)

MOLECULAR WEIGHT ; 60 .10

ODOR : Ammoni a

COEFFICIENT OF OIL/WATER DISTRIBUTION : No Dat a

V . PERSONAL PROTECTIVE EQUIPMENT REQUIREMENT S

•

•

PERSONAL PROTECTION FOR ROUTINE USE OF PRODUCT :

RESPIRATORY PROTECTION : Wear a NIOSH/MSHA approved respirator if any

exposure occurs .

VENTILATION : Use explosion-proof local exhaust ventilation to maintain

levels to below the TLV .

SKIN AND EYE PROTECTIVE EQUIPMENT : Wear gloves, boots, apron and a face

shield with safety glasses . A full

impermeable suit is recommended if

exposure is possible to large portion

of body .

OTHER : Eye wash and safety shower must be immediately available where

material is handled .

EQUIPMENT SPECIFICATIONS (WHEN APPLICABLE) :

RESPIRATOR TYPE : NIOSH/MSHA approved full-face positive-pressure

supplied air respirator

GLOVE TYPE: Butyl rubber

BOOT TYPE : Butyl rubber

APRON TYPE: Butyl rubber

PROTECTIVE SUIT : Butyl rubbe r
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VI . FIRE AND EXPLOSION HAZARD INFORMATION

FLAMMABILITY DATA :

FLAMMABLE: Yes

COMBUSTIBLE : Not Applicable

PYROPHORIC: No

FLASH POINT : -15 Deg .C (5 Deg .F) Test Method : Cleveland open cup

AUTOIGNITION TEMPERATURE : 250 Deg .C (482 Deg .F)

FLAMMABLE LIMITS AT NORMAL ATMOSPHERIC TEMPERATURE AND PRESSURE (PERCEN T

VOLUME IN AIR) : LEL - 27. UEL - 957.

NFPA RATINGS :

HEALTH : 4

FLAMMABILITY : 3

REACTIVITY : 1

HMIS RATINGS :

HEALTH : 3

FLAMMABILITY : 3

REACTIVITY : 1

EXTINGUISHING MEDIA : Carbon dioxide, dry chemical , water spray

FIRE FIGHTING TECHNIQUES AND COMMENTS : Use water to cool containers exposed

to fire . See section XI for protective equipment for fire fighting .

VII . REACTIVITY INFORMATION

CONDITIONS UNDER WHICH THIS PRODUCT MAY BE UNSTABLE :

TEMPERATURES ABOVE : 250 Deg .C (482 Deg .F)

MECHANICAL SHOCK OR IMPACT : No

ELECTRICAL (STATIC) DISCHARGE : Yes

HAZARDOUS POLYMERIZATION : Will not occu r

INCOMPATIBLE MATERIALS : Avoid contact between 1,1-dimethyl hydrazine and

strong oxidizers such as hydrogen peroxide , nitrogen tetroxide,

fluorine, halogen fluorides, and fuming nitric acid . Such contact

will result in immediate ignition or explosion . Avoid contact with

metal oxides such as those of iron, copper, lead, manganese, and

molybdenum . Contact with such metallic oxide surfaces may lead to

flaming decomposition . Avoid contact with organic materials having

large surface areas or porous surfaces . Adsorption of 1,1-dimethyl

hydrazine by rags, cotton waste, sawdust or similar organic materials

will eventually result in spontaneous ignition .

HAZARDOUS DECOMPOSITION PRODUCTS : Carbon monoxide, nitrogen oxide s

SUMMARY OF REACTIVITY :

OXIDIZER: No

PYROPHORIC: No

ORGANIC PEROXIDE : No

WATER REACTIVE: No
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VIII . FIRST AI D

EYES : Immediately flush with large amounts of water for at least 15

minutes, occasionally lifting the upper and lower eyelids . Call

a physician at once .

SKIN : Immediately flush with water for at least 15 minutes . Call a

physician . If clothing comes in contact with the product, the

clothing should be removed immediately and should be laundered

before reuse .

INGESTION : Immediately drink large quantities of water . Induce vomiting .

Call a physician at once . DO NOT give anything by-mouth if

the person is unconscious or if having convulsions .

INHALATION : If person experiences nausea, headache or dizziness, person

should stop work immediately and move to fresh air until

these symptoms disappear . If breathing is difficult,

administer oxygen, keep the person warm and at rest . Call

a physician . In the event that an individual inhales enough

vapor to lose consciousness , person should be moved to fresh

air at once and a physician should be called immediately . If

breathing has stopped, artificial respiration should be given

immediately . In all cases, ensure adequate ventilation and

provide respiratory protection before the person returns to

work .

IX . TOXICOLOGY AND HEALTH INFORMATION

ROUTES OF ABSORPTION

Inhalation, dermal, oral, eye contac t

WARNING STATEMENTS AND WARNING PROPERTIES

HARMFUL IF INHALED OR SWALLOWED . MAY BE HARMFUL IF ABSORBED THROUGH SKIN .

CAUSES EYE, SKIN, DIGESTIVE TRACT AND RESPIRATORY TRACT BURNS . CAUSES

LIVER, LUNG, KIDNEY, BLOOD, AND NERVOUS SYSTEM DAMAGE . MAY CAUSE AN

ALLERGIC SKIN REACTION . MAY CAUSE CANCER BASED ON ANIMAL DATA .

HUMAN THRESHOLD RESPONSE DATA

ODOR THRESHOLD : 6-14 ppm

IRRITATION THRESHOLD: This value has not been established .

IMMEDIATELY DANGEROUS TO LIFE OR HEALTH : 15 ppm

0
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SIGNS, SYMPTOMS , AND EFFECTS OF EXPOSURE

INHALATION

ACUTE :

Highly irritating to the nose , throat, upper respiratory tract and

lungs . Inflammation of the respiratory tract may lead to bronchitis .

Pulmonary edema and lung damage may occur . Toxic if inhaled and rapidly

absorbed through the lungs . Damage may also result to liver, kidneys

and blood. High exposure may give rise to hemolysis of the blood cells .

Vomiting , diarrhea , nausea, dizziness , hypoglycemia , cyanosis and

convulsions may also occur .

CHRONIC :

Repeated inhalation may produce inflammation of the nasal, tracheal and

bronchial tissue . Chronic bronchitis can result . Damage to the liver,

kidneys, and blood may also occur . Damage to blood may be characterized

by hemolysis and reduction of packed cell volume . Repeated inhalation

of l,l-dimethylhydrazine has produced cancer in laboratory animals .

SKIN

ACUTE :

1,1-dimethylhydrazine is rapidly absorbed through the skin and is

highly toxic by this route which is dependant on exposed skin surface

and concentration of the solution . Exposure to large areas of the skin

may lead to a significant dose being absorbed causing systemic toxicity

similar to the effects described for inhalation exposure . Additionally,

1,1-dimethylhydrazine can produce severe irritation and/or burns .

Dermatitis may also occur .

CHRONIC :

Repeated exposure can cause an allergic reaction resulting in

dermatitis and a characteristic rash . Other effects would be similar

to those described under chronic inhalation .

EYE

Exposure can cause inflammation , swelling , redness, and discharge .

Temporary blindness can occur . If not rinsed immediately from the

eyes, burns and permanent corneal damage can occur resulting in

impairment of vision .

INGESTION

ACUTE :

Irritation and/or burns can occur to the entire gastrointestinal tract ,

including the stomach and intestines , characterized by nausea,

vomiting, diarrhea , abdominal pain, bleeding , and/or tissue ulceration .

Toxic by ingestion causing effects similar to those as stated under

inhalation exposure .

CHRONIC :

Inflammation to the gastrointestinal tract can occur . Other effects

would be similar as stated under inhalation exposure . Repeated

ingestion of has produced cancer in laboratory animals .
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MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE

Diseases of the liver, kidneys, and blood, as well as asthma and

cardiovascular disease and nervous system disorders .

INTERACTIONS WITH OTHER CHEMICALS WHICH ENHANCE TOXICITY :

None known or reporte d

ANIMAL TOXICOLOGY

ACUTE TOXICITY :

Inhalation LC 50 : Approximately 252 ppm (4 hrs . exposure, rats)

Dermal LD 50 : 1 .05 g/kg . (rabbit )

Oral LD 50 : 122 mg/kg. (rats )

Irritation : Corrosive to skin and eyes ; respiratory irritan t

ACUTE TARGET ORGAN TOXICITY :

Damage to lungs, liver , kidneys, blood and central nervous system .

CHRONIC TARGET ORGAN TOXICITY :

Repeated exposure to 1,1-dimethylhydrazine and dimethylamine ha s

• produced damage to the lungs , liver, kidneys , blood and nervous system .

Cancer has also been observed in laboratory animals from exposure to

1,1-dimethylhydrazine .

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY :

High concentrations of 1,1-dimethylhydrazine have produced

embryolethality and fetal malformations to the offspring of animals

exposed during pregnancy . These findings were only osbserved at

concentrations that cause significant maternal toxicity . Under

industrial use conditions where exposures are kept at or below the

recommended occupational exposure standards , exposure to this product

should not pose a reproductive and developmental toxicity hazard .

CARCINOGENICITY :

1,1-Dimethylhydrazine is recognized as a cancer-causing agent in

animals by IARC and OSHA . It is considered to be a suspect carcinogen

in humans by these two organizations .

MUTAGENICITY :

1,1-Dimethylhydrazine has been shown to cause DNA and chromosomal

damage in a number of test systems . It is considered mutagenic .

•

OC 932
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AQUATIC TOXICITY :

No available data

X . TRANSPORTATION INFORMATION

THIS MATERIAL IS REGULATED AS A DOT HAZARDOUS MATERIAL .

DOT DESCRIPTION FROM THE HAZARDOUS MATERIALS TABLE 49 CFR 172 .101 :

LAND (U .S . DOT) : DIMETHYLHYDRAZINE, UNSYMMETRICAL, 6 .1, UN1163, PG I ,

Poison Inhalation Hazard - Hazard Zone B

WATER (IMO) : SAME AS ABOV E

AIR (IATA/ICAO) : FORBIDDEN

HAZARD LABEL/PLACARD : TOXIC

FLAMMABLE LIQUID

CORROSIVE

REPORTABLE QUANTITY : 10 lbs . (Per 49 CFR 172 .101, Appendix)

EMERGENCY GUIDE NUMBER : 13 1

XI . SPILL AND LEAKAGE PROCEDURES

FOR ALL TRANSPORTATION ACCIDENTS, CALL CHEMTREC AT 800-424-9300 .

REPORTABLE QUANTITY : This product is subject to a Reportable Quantity with

respect to dimethylhydrazine . RQs are subject to change and reference

should be made to 40 CFR 302 .4 for the current requirements

SPILL MITIGATION PROCEDURES :

Evacuation procedures must be placed into effect . Hazardous

concentrations in air may be found in local spill area and immediately

downwind . This product may represent an explosion hazard . Remove all

sources of ignition . Stop source of spill as soon as possible and

notify appropriate personnel .

AIR RELEASE : Vapors may be suppressed by the use of water fog . Contain

all liquid for treatment or neutralization .

WATER RELEASE : This material is lighter than and soluble in water .

Notify all downstream water users of possible

contamination . Divert water flow around spill if

possible and safe to do so . Remove with a vacuum

system or pumping device for treatment and/or

disposal . Continue to handle as described in land

spill .
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LAND SPILL : Dike spill area immediately . Dilute material to bring

the concentration of UDMH to below 307. or 2 1/2 to 1 water

to UDMH . Remove as a liquid and containerize for proper .

disposal or other use . Always place material in container

appropriate for this product as described in Section III .

Label according to local, state , and federal regulations .

Decontaminate spill area by diluting further with water to

a 57. or less solution . Add an equal volume of 57. calcium

hypochlorite aqueous solution . Test for neutralization .

After neutralization ; scrub with a strong detergent and rinse

with large volumes of water . Wash all clothing as soon as

possible . Do not allow to dry completely . Discard any

contaminated leather articles .

•

SPILL RESIDUES :

Dispose of per guidelines under Section XII, WASTE DISPOSAL .

This material may be neutralized for disposal ; you are requested to

contact OCEAN at 800-OLIN-911 before beginning any such operation .

PERSONAL PROTECTION FOR EMERGENCY SPILL AND FIRE-FIGHTING SITUATIONS :

In case of fire, use normal fire fighting equipment .

Additional respiratory protection is necessary when a spill or fire

involving this product occurs . You are recommended to use a

self-contained breathing apparatus (SCBA) positive pressure unit .

Additional protective clothing must be worn to prevent personal contact

with this material . Those items include but are not limited to boots,

gloves, hard hat, splash-proof goggles, full face shield and impervious

clothing, i .e ., chemically impermeable or fully encapsulated suit .

Compatible material for response to this material is butyl rubber .

Protection concerns must also address the potential of the physical

characteristics of this product as poison by inhalation .

XII . WASTE DISPOSAL

0

If this product becomes a waste, it meets the criteria of a hazardous waste

as defined under 40 CFR 261 and would have the following EPA hazardous

waste number : DO01, U098 .
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If this product becomes a waste, it will be a hazardous waste which is

subject to the Land Disposal Restrictions under 40 CFR 268 and must be

managed accordingly .

As a hazardous liquid waste, it must be disposed of in accordance with

local, state and federal regulations in a permitted hazardous waste treat

ment, storage and disposal facility by incineration .

CARE MUST BE TAKEN TO PREVENT ENVIRONMENTAL CONTAMINATION FROM THE USE OF

THIS MATERIAL . THE USER OF THIS MATERIAL HAS THE RESPONSIBILITY TO DISPOSE

OF UNUSED MATERIAL, RESIDUES AND CONTAINERS IN COMPLIANCE WITH ALL RELEVANT

LOCAL, STATE AND FEDERAL LAWS AND REGULATIONS REGARDING TREATMENT, STORAGE

AND DISPOSAL FOR HAZARDOUS AND NONHAZARDOUS WASTES .

XIII . ADDITIONAL REGULATORY STATUS INFORMATION

TOXIC SUBSTANCES CONTROL ACT :

The components of this product are listed on the Toxic Substance

Control Act inventory .

CALIFORNIA SAFE DRINKING WATER AND TOXIC ENFORCEMENT ACT OF 1986 -

PROPOSITION 65 :

"WARNING : This product contains detectable amounts of a chemical

known to the State of California to cause cancer and birth defects

or other reproductive harm . "

SUPERFUND AMENDMENTS AND REAUTHORIZATION ACT TITLE III :

HAZARD CATEGORIES, PER 40 CFR 370 .2 :

HEALTH :

Immediate (Acute)

Delayed (Chronic)

PHYSICAL :

Fire

EMERGENCY PLANNING AND COMMUNITY RIGHT TO KNOW, PER 40 CFR 355, APP . A:

EXTREMELY HAZARDOUS SUBSTANCES - THRESHOLD PLANNING QUANTITY :

1,000 lbs . (Dimethylhydrazine )

SUPPLIER NOTIFICATION REQUIREMENTS, PER 40 CFR 372 .45 :

This mixture or tradename product contains a toxic chemical

or chemicals subject to the reporting requirements of Section

313 of Title III of the Superfund Amendments and Reauthorization

Act of 1986 and 40 CFR 372 .

Chemicals listed are : 1,1-Dimethylhydrazine, dimethyl amine
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XIV. ADDITIONAL INFORMATION

MSDS REVISION STATUS : Emergency guide number revised in Section X . (09)
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THE INFORMATION IN THIS MATERIAL SAFETY DATA SHEET SHOULD BE PROVIDED TO

ALL WHO WILL USE, HANDLE, STORE, TRANSPORT, OR OTHERWISE BE EXPOSED TO THIS

PRODUCT . THIS INFORMATION HAS BEEN PREPARED FOR THE GUIDANCE OF PLANT

ENGINEERING , OPERATIONS AND MANAGEMENT AND FOR PERSONS WORKING WITH OR

HANDLING THIS PRODUCT . OLIN BELIEVES THIS INFORMATION TO BE RELIABLE AND

UP TO DATE AS OF THE DATE OF PUBLICATION, BUT MAKES NO WARRANTY THAT IT IS .

ADDITIONALLY, IF THIS MATERIAL SAFETY DATA SHEET IS MORE THAN THREE YEARS

OLD, YOU SHOULD CONTACT OLIN AT THE PHONE NUMBER LISTED BELOW TO MAKE

CERTAIN THAT THIS SHEET IS CURRENT .

OLIN MSDS CONTROL GROUP

Olin Corporation

501 Merritt 7

P .O . Box 4500

Norwalk, CT 06856-4500

Phone Number : (800) 511-MSDS

OLIN CORPORATION SUBSIDIARIES AND AFFILIATED ENTITIES : ASAHI-OLIN LTD .,

BRIDGEPORT BRASS CORPORATION , OLIN AEROSPACE COMPANY , A .J . OSTER COMPANY,

OLIN FABRICATED METAL PRODUCTS , INC ., OLIN HUNT SPECIALTY PRODUCTS,INC .,

OLIN SPECIALTY METALS CORPORATION , GENERAL DEFENSE CORPORATION , NIACHLOR,

PHYSICS INTERNATIONAL COMPANY, SUPERIOR POOL PRODUCTS , INC ., ETOXYL, C .A .,

OCG MICROELECTRONIC MATERIALS . INC ., OLIN ENGINEERED SYSTEMS, INC .,

YAMAHA-OLIN METAL CORPORATION , NORDESCLOR, S .A .
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The information in the Material Safety Data Sheet (MSDS) is
organized into fifteen sections which are as follows :

I Product Identification
11 Component Data

III Precautions for Safe

Handling and Storage

IV Physical Data

V Personal Protective

Equipment Requirements

VI Fire and Explosion Hazard
Informatio n

VII Reactivity Information

VIII First Ai d
IX Toxicology and Health

Information
X Transportation Information

XI Spill and Leak Procedures

XII Waste Disposa l

XIII Additional Regulatory

Status Information

XIV Additional Information

XV Major References

Section I - Product Identificatio n

The product name and product code are used to identify the
product . The file number and revision number identify the
Material Safe ty Data Sheet ( MSDS) itself. The chemical family
or name and synonyms are given with formula where appli-
cable . A brief use description of the product is presented along
with the OSHA Hazard Classifications .

Section 11 - Component Data

41I Olin products are evaluated to determine if they are hazard-
ous . According to the Occupational Safety and Health Admin-
istration (OSHA), a hazardous chemical refers to any chemical
that presents a physical hazard or a health hazard . A chemical
may be a physical hazard if it is combustible, flammable, pyro-
phoric, chemically unstable, water reactive or explosive, a com-
pressed gas, an organic peroxide or other oxidizer .

A chemical may present a health hazard if exposure could
result in acute or chronic adverse health effects . This definition
of a hazardous material has been adapted from the OSHA
Hazardous Communication Standard (29 CFR 1910 .1200) . The
reader should refer to the Standard for further details . If it has
been determined that a product is not hazardous, then this is
stated . If it has been determined that the product is a health
hazard then all components that present a health hazard and
that comprise 1% or more of the material are listed in this
section . Also, any component that is a carcinogen is listed if it
comprises 0 .1% or more of the product . If it has been deter-
mined that the product is a physical hazard, then any component
that presents a physical hazard is listed .

Normally, the chemical name and Chemical Abstracts Service
(CAS) Number are used to identify a component . CAS numbers
are assigned to chemicals and mixtures by the Chemical
Abstracts Service (published by the American Chemical Society)
as a specific identification, Where the identity of a component
is a trade secret, a descriptive name is used instead of the
chemical name and a trade secret access number is given to
that component . Disclosure of the identity of the trade secre t

mponent will be made to health professionals upon request,o
JWbject to the conditions specified in the Standard .

Exposure limits are given for each component where these
have been established . Definitions of these exposure limits
follow :

M ACGIH TLV (Threshold Limit Value) : A term used by the

American Conference of Governmental Industrial Hygienists
to express the airborne concentration of a material to which

nearly all persons can be exposed day after day without

adverse effects . ACGIH expresses TLVs in three ways :

- TLV-TWA: = The allowable Time Weighted Average con-

centration for a normal 8-hour workday of a 40-hour

workweek .

- TLV-STEL : = The Short-Term Exposure Limit, or maximum
concentration for a continuous 1 S-minute exposure

period . A maximum of four such periods per day, with at

least 60 minutes between exposure periods are allowed,

provided that the daily TLV is not exceeded .

- TLV-C: The Ceiling exposure limit; the concentration that
should not be exceeded even instantaneously .

- SKIN: A notation used to indicate that the stated substance

may be absorbed by the skin, mucous membranes and

eyes, either by air or direct contact, and that this additional

exposure must be considered part of the total exposure to

avoid exceeding TLV for that substance .

The value quoted is the TWA unless another category is
stated .

OSHA PEL (Permissible Exposure Limits) : An exposure limit

established by the Occupational Safety and Health Adminis-

tration . May be a time weighted average (TWA) limitor ceiling

(C) exposure limit . A skin notation has the same meaning as
for the TLV .

Section III - Precautions for Safe
Handling and Storag e

This section provides vital information for handling and
storing a product . It is impo rtant that all recommendations be
followed .

Section IV - Physical Data

Knowledge of the physical properties of a substance is necessary

for all safety and industrial hygiene decisions . Definitions of

terms that apply to the physical data presented in this section

are given below :

Freezing Point/Melting Point: The temperature at which a

substance changes state from liquid to solid or solid to

liquid . For mixtures, a range may be given .

■ Boiling Point : The temperature at which a liquid changes to'
a vapor state at a given pressure. (Usually 760 mmHg, or
one atmosphere .) For mixtures, the initial boiling point or
the boiling range may be given . Flammable materials with
low boiling points generally present special fire hazards .

IS Decomposition Temp : The temperature at which a sub-
stance will break down, or decompose, into smaller frag-
ments .

■ Specific Gravity: The weight of a material compared to

I
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- LD,o (Lethal Dose Fifty) - The dose of a substance ex-

pected to cause the death of 50% of an experimental

animal population . This dose may be from oral, dermal

or other routes of exposure . The units given for the LDso

are usually milligrams per kilogram body weight of the
tested animal (mg/kg) .

- LC,, (Lethal Concentration Fifty) -A calculated concen-

tration of a substance in air, exposure to which for a

specified length of time is expected to cause the death of

50% of a laboratory animal population . This concentration

is usually in units of milligrams per cubic meter of air

(mg/m') or milligrams per liter of air (mg /1) and is given

for some time period (usually one or four hours) .

Other terms occasionally used are :

- LDro ( Lethal Dose Low) - The lowest dose of a substance
introduced by any route other than inhalation reported to
have caused death in humans or animals .

- LCro ( Lethal Concentration Low) - The lowest concen-
tration of a substance in air that has been reported to have
caused death in humans or animals .

- TDro ( Toxic Dose Low) - The lowest dose of a substance
to which humans or animals have been exposed and
reported to produce a toxic effect other than cancer .

Based on these values, an estimate of human health effects
potential is obtained .

Section X - Transportation Information

In the event the material is regulated as hazardous by the Depart -

ment of Transpo rtation ( DOT), the Hazardous Materials Regula-

tions as described in the Code of Federal Regulations , 49 Chapter

1 subchapter C are outlined in the LAND po rt ion of Section X .

The IMO and IATA/ICAO regulations are also given for water

and air modes respectively .

Section X1 - Spill and Leak Procedures

In the event of an emergency, CHEMTREC (Chemical Trans-
portation Emergency Center) should be contacted .

CHEMTREC is a national center established by the Chemical

Manufacturer Association (CMA) in Washington, DC, to relay

pertinent emergency information concerning specific chemi-

cals on request. CHEMTREC has a 24-hour toll-free telephone

number (800)424-9300, intended primarily for use by those

who respond to chemical transportation emergencies .

During cleanup of spills or leaks, it may be necessary to use

extra personal protective equipment as compared to normal

operations. Recommendations for equipment use additional

to what is described in Section V are given .

Procedural recommendations relative to air, land and water
are described .

Section X11 - Waste Disposa l

This section gives guidelines for disposing of a product if it
becomes a waste . Recommendations are based upon the phys-
ical state and hazardous properties of the material . If the
material is designated as hazardous by 40 CFR Part 261, it
must be disposed of in a permitted hazardous waste treatment,
storage, or disposal facility in accordance with local, state,
and federal regulations . If the material is non-hazardous, rec-
ommendations for disposal are made depending on the phys-
ical state and known characteristics of the material .

Section XIII - Additional Regulatory

Information

This section contains information relevant to compliance with

other Federal and/or state laws such as TSCA, FIFRA and FDA .

Section XIV - Additional Information -

Any relevant additional information is given in this section .

Section XV - Major Reference s

This section lists some of the major references that have been
consulted in preparing the Material Safety Data Sheet .

Version 3 .
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OCEAR NETWORK EHERGENCY PRONE 1-800-OLIN-911

THIS MATERIIL' : ;$AFETY.DATA SHEET (MSDS)- EsS BEEN PREPARED IN COMPLIANCE WITH TEE

FEDERAL QSRA.:RAZ-ARD COM-?NN?CATION ST„NDARD,29 CFR 1910.I200 .THIS PRODUCT MAY BE

CONSIDERED TO BE A HA.2ARDOUS CHEMICAL UNDER THAT STAN DARD , (REFER TO THE OSHA

CL&SSIPItATION. IN SEC .I .)THIS INFORMATION IS REQUIRED TO BE DISCLOSED FOR SA?ETY

IN THE WORKC°LACE.TE EXPOSURE TO T :HE COMMtNITY,IF ANY,IS QUITE DIFFERENT .

PRODUCT IDENTIFICATION

A

REV-ISION NO,
REVISION . .:DAT~ . 1/ 26/90

PRODUC.T.CO.DE . : ; ;, CPE134075`, .

FILE NUMPER•(., : :. : : :,;. t?S00295 . 0002
PRODUCT. NAMES MONOM£R`IiYLFiYDRA2INE

9YNOAYMS : K.MH,methyl .hydrgzje:e _

CHEMICAL FA9iILY : Hydrazine

FORMLLa: Cx;N
's-

USE DESCRIPTION : Propellant

OSak HAZARD CLASSIFICATION ; Corrosive ; carcinogen ; h :ghiy toxic,
Sansitizer ;. live:, kidney, nervous system, blood, reproductive and
lung toxin ; skin and eye hazard ; :!smraple

II, COMPONENT DATA

PRODUCT COM» OSITION :

CAS or CH2M2CAL N 3E : : ..Manoractiy!hydraz :ae
CAS NUMBE : 60-34-4

PERCENttGE:RANGE: 95-99' : . .

kP.ZARDOUS PER 29 CTA 141-0 :.1200 : yes

EXPOSURE $fl fARDS r .

OS-nAC'Fr) ACGIH{TLV)
p2m• mg/cub.ie-metor pam mg /cubic-meter

Z
.Wf ; . : . . : . . . . . . . None . None
CEILING : .: 0,2 0.35 0.2 0.38
STELA .: None None

CA$ or CFn.'KIC+K. NA)SEi Water
CAS NUMBERi,7732-18-5
•pF z[LMtACE . xaNCE: i-5' `
v. ATARDO'JS PER -29 CFR '19 .10 .1200: No

.EX_?OS'URE ST .4NDARD.S : None Est&blished

BNA08768275
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PRECIiUT ' ONS " FOR SAFE HANDLING, AND STORAG E

e

UPON CONTACT WITH $I IN :OR EYES, WAS& OF WITH WATER .

STORAGE CONDITIONS ; .Store .away ! :oz heat, sparks, open flame and oxidants .

Store only.- in uettt ; lated.areas ' . Do not contaminate . All .

containers and handlingcequipient for monomethylhydrazine should be

electrically grounded. 'Am . inert atmesphere must be maintained over

mononethylhydrazine at all times . Nitrogen has been adopted as the

padding material for monomethyihydr:zine storage and C .-ansfer ,

DC NOT STORE AT TE.M3ERATURES A3OVE ;51 Deg .C (124 Deg .F)

OTHER: 'DO-NOT EXPOSE .10 DIRECT LIGHT. - I

PRODUCT STABILITY AND COMPATIBILITY F

SHELF LIFE LIHI'TsT:IOH$, ; .-At least one year if stored sealed from air

under a nitroton pad .

INCOYP<TIBLE MATERIALS FOR PACKAGING : Package only in 304 or 347

stainless steel .. containing less than 1% molybdenum

INCOMPATIBLE MATERIALS FOR STORAGE PR TRANS?CRT : Oxidizing agents,

metal oxides ; metals other than low-molybdenum (<1n) stainless steel,

and organic materials with high surface area such as rags, cotton

waste , sawdust, etc .

DO NOT TAKE INTERNai,Ly .;''AVOIII CONTACF WITH SKIN . EYES ADM.-CLOTHING .

APP.tA.RA,NC_ ; Clear, colorless liquid -

FREEZING POINT : -52 .4 Dag-.C. ("62.3 Deg .F)

BOILING POINT . 87 .5 Deg . C' (189.5 Deg .FJ)

DECOMPOSITION TE'LPERATURE : 88 Deg..C (190 Deg .F)

SPECIFIC GRAVITY : 0 .87 .. I -

BULX DENSITY : 0.874 (g/ca)

9H @ 25 DEG,C: 11-11 . S (SZ '':r: noutra: distilled water)

VAPOR PRESSURE @ .'25 DEC .C : 49 . 6 mm Hg

SOLUBILITY IN WATER : Completely miscible

VOLAtILES . PERCENT BY VOLMIE : 100

EVAPORATION RATE : No--Data : : . . . _ . . .
VAPOR DENSITY : 1 .59 (ai-i*!.c &)' i " .
MOLECUIS WEIGHT : 46' :08 : . . : : ;f;

ODOR : Amine .

COEFFICIENT OF O11/WATER DISTRIBUTION : No-Dat3

V . . PERSONAS; PROTE&IVE EQUIPMENT REQUIREMENT S

PERSONAL-.PROTECTION FOR ROUTINE . USE OF ' PRODUCT :

RES?':•RAT'ORX-#ROTECTION : Wear a NIOSH/MSEA approved respirator if any

exposure occurs .

VENTILATI ON : Use localexhaust ven±ilation to maintain levels too below

C
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•Vicar.

Viaon . .

Viton

7i ton

vI FI RE'- AN D

F LAY]'a$ I L I T Y' 'DATA:

rnv:aGiiv!„_ .1i Ule..ME:7T.:wear gloves, boats, apro,

11~ATERiAC
SAFETY DATA

with safety glasses . A full impermeable suit

is recettended if exposure is possible to

large portion of body .

OTHER : . An eye wash ; and. safety shower must
sees where,}aaterials are handled .

be immediately available i n

EQUI?TENT SPECIFIC:ATION5APPLICABLE) :
RRSPIR-,TOR TYPE ; :i N105H;?3SRA approved ffull-face

GLOVE TYPE ; .

3001 TYPE;

supplied airrespi :ator

APRON TYPE ;
PROTECTIVE SUIT :

positive-press :: :x

EXPLOSION BAZARD INFORMATION

FL A. Lfi'ts'- Yes

COMBtrSTIMU : Not Applicable
?YROPHOR 'ZC: No
FLASH POINT : . 21 Deg . C ('70 Deg . F) Test Method : Cleveland Ope: Cup
AUTOWGN1Tt0N TLMP£R.TURE 1.94 Dey . C (383 Deg .F)
FLAt1 .*LABLE LIMITS AT NORlLsL kT?4OS?Fi~ ;^IC T°-NPER:,TURE AND PRESSURE (?'RUNT
VOLU 'ME- IN AIR) :

NF?A LCINGS :
HEALTH :

FLAh' LASILI?Yi -. ,
REAC`T.IVIT'f : .

its RATINGS:

H=ALTII : . _ : . :

FLAA1t¢AB.ILITY:.

REACTIVITY ;- .

EXTINGUISEING )tEbIAc

2 .5% UBL - 981

Carbon dioxide, dry Chemical, wa:er spray

FIRE F?G$T?NG TfiCHN?gti$S ATILT COMTWTS: Use water to cool cointain era
t .o,fire.. See . Section XI . .for protective eauiprent for fire
t$BhCiag • . . , . . . , .. .

expose d

CPE134O75

I
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I I ;; ;RZACTIVITX .INFORMATION

Name : D, FARM

the person 'is .uaconsciacs or if having convulaiona .

Call a physician-at once . DO NOT give anything by mouth if

BNA08768278

CONDITIONS']UND t .. WHICH -THIS- PRODUCT : KAY BE- UNSTABLE

TEMPERATgR!S -ABOVE :$8 Deg :C "(190 Deg. F) : .
MECRANICAL $HOCK OR, IMPACT : N o

ELECTRICAL (STATIC) DISCHARGEi Yes :-

will result in. immediate ignition or explosion . Avoid contact with

metal oxides such as those of iron, coppers lead , marganese, and

molybdenum
:-Contact

with suoh metal oxide su-rfaceo may lead . to : flaming

decomposition .' . Avoid contact with organic materials having large

sur!aee areas or poroussu'r faces . Adaorption of monomethylhydrazine

by rags,-cotton waste , . saadust - or simdlar organic mate als will

eyentuAlly, result .it'spontaineous ignition .

HAZARDOUS DECOMPOSITION PRODUCTS : . Ca_rbon mozox de, aztrogea Oxides

OTHER CONDITIONS' TO AVOID : Exposure to direct sunligh t

INCO_MPATIBLE .MAYERIALSr Avoid' contact between monomethylhydrazire and

strong . ox'idiyerssuch at hydrogea peroxide ; aitroger tetroxide,

fluorine, halogen' fluorides ; •atd fuming nitric, acid . Such contac t

HAZARDOUS POLYMERIZATION : Will not occu r

'WATER 'RE4CTTVB : . . . ' . . . : No :
ORGANIC PEROXIDE :.

PYROPHORIC : No . ..

SUMMARY OF ~REAC'TIVITY:
OXIDIZER : . . . . : . . : .. : . . Np

clothing should beremoved-immediately and should be laundered

SKIN : ImmeZiately flush with water for at least 15. Minutes . Cali a

physician, If -olothing .eoMes" in contact wish the product,- th e

physician at once ., . .

minutes ;'-oceasionallp.lifting the upper .and lower eyelids . Call a

VIII . TVAST AID

EYES : Irsaediately flush with large amounts ut water fur at least 1 5

before re-u
- :. . . . . .

I?`GES?ION ; ,Imme iately .drink large quantities . of water . Induce vomiting .

H DMS POO1793965



INHtiiA7i0?ic' zf?'person.- e.xpeiiencos nsusos , headache or dizziness , person
should stop .work immediately and move to fresh air, until thes e
syaptomi disappear . If breathing is difficult, . administer
,oxygen, keep the person wars and at rest . Call a physician . In
the. event that an individual inhales enough vapor to lose

nconsciousness , . person should be moved to _fresh air at once a d

a physician should be called ixmodiataly . If breathing has
.stopped; artificial respiration should be given immediately,, In

all cases , ensure adequate ventilation and provide respiratory

protection before the person returns to work .

I X0 '. TOXICOLOGY AND HEALTH INFORMATION

af. .ec.ts to• . the. fetus .

t

BNA08768279

WARNING ' ST;.T =TITS . AND WAA.NING PROPERTIES
ILk '$E .F$1.k1 Ir:'INRALED , AS$ORBED THROUGH SKIN OR INGESTED . HARMFUL IF
EXPOSED TO EYES

. T?UHau T$RESROLbb'RESPONSE' AATA
ODOR THRESEOLAi I .7 ppm
YRRI :ATION .THRESHOLD : 'Tkis value has not been established .
I?LKEDIATELY DANGEROUS TO LIFE , OR HEALTH ; 5 ppm

SIGNS, SXMpTO.KSr AND =PFECT$ OF EXPOSUR E

ROUTES OF. SO TION
Uhalation;:,,dermali :inge stion, eye contact

INHALATION

Koaomethyl hydrazine is highly irritating to the nose , throat , upper )
respi ratory. tract and lungs .- In!lar. .ma:ioz of the respiratory tract may
lead to bronchitis ..., Vapot can also cause eye irritation . Pulmonary,
.edema and Lung damage may occur . Damage may also result to liver,
kidneys and blood .'- High . exposure may give rise to hemolysis of the
bLood cells .« . Vomiting, diarrhea , nausea , dizz iness, cyanosis and .
convulsionsmay also occur . A single exposure would not likely produce
fetal texi.eity and malformations , but several exposures may cause thes e

ACUTE' : .. .
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_The repeated inhalation: of fnonomethylhydxazine,m. y produce
inllastaiation :of-the nasal, tracheal and bronchial tissue .' Chronic

-bronchitis '--can resultc• Damage to'the•liver ; . kidneys ;•and blood may

also occur:- -Damage : to blood may - be .characterized .by.homolysie and
reduction of packed_cell_ volume . Petal toxicity and mal :orssatiors,can

l ralso res u

SKIN

ACUTE :

uor-omethyl :hydriiine by this route can produce severe irritation andlo r
burns . . . Dermatitis =ay also. occur .- Other effects would be simiisi to
those which may result from inSaration except for those relating
specifically to sespirat 'ory tract irritation ,

:HRONIC : . : . .

Repeated exposure can cause an'allergie reaction resulting; in ;
derma t itis- and a characte =istic rash . Other effocts would be similar
to those described :under chronic. inhalation exposure except for those
:elating -specifically to-respiratory tract irritation .

L

EYE

Exposure :-an cause inflaSation , swelling , redness , and discharge .
Temporary blindness-car. occur . If not rinsed immediately from the
eyes, burns and-permanent corneal damage can occur resulting, in
impairment of

Irritatior. and/or -burns can occur to the entire gastrointestiral tract,
iacluding.the stomach- and intestines , : characterized by nausea,
vomiting , die:rhea, . . .abdom rel . pair., bleeding , and/or tissue ulceration .
The other effects uould .be similar as stated under inhalation exposure,
including those to the respiratory tract , it vapor is inhaled.

CHRONIC :

Infia-cnaticn to the gastrointestinal tract can occur . Other e_f'_ects .
would be samilar as . .s,tated under inhalation exposure including those to
the r.espi:atory tract -if vapor is 'inhaled .

MEDICAL. CONDITIONS AGGRAVATED BY"EXPOSURE
Diseases ot the liver, :ki:dneys, and btood ,. .as well -as asthma and
cardiovascular disease : :.

.INGESTION

ACUTE :

'INTtR4CTIONS . WITH OTHER CH'Et1XC.u.
None known or . .reiported.. -

BNA08768280
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ANLVE ,i : .QXICOLO"_;:. •

ACUTE TOX'1CITY:

InhalstiG=r50; 74-ppm : c(4'hr . .exposuro ,

• Dertal LD'50; 93_4Lkg :.(rabbi b3
Oral tD 50:71 mg/. .kg: (rat )

Corio;wfve, to -skin and

ACUTE TARGET, ORGAN- TOXICITY' - I
aid 'oont :31 aarvous system.

CHRONT_C :TARGEY ORAAN TOXICITY ;

epeated expostreto: ..monometly1 .hydrazine has produced damage to the

lungs, liver', kidneys, and blood . Cancer his also been observed in

eyes

Damage kidneys, blood

i

MororisthylLhydrazini -has been shown to produce embryo lethality and

`fetal malformations xn -laboratory animals .

laboratozy: . atimals:.

R,rPRODUCTIUE-AN DEVELOPHENTAL TOXICITY !

.these two : organizations .: -

. .CARCINOGENICITY*

?l onomethyl.•bydrstine i-s recognized as a 03aeer - CAU44 n9 agent in animals

by LARC :and . OSHA . .'it is . considered a suspect carcinogen ir. h~:mans by

Thera is .aa '.availsbi 'e'data on toxicity aquatic organisms .

Mornasie:yl *drazinei has been shown to cause DNA and chromosomal damage

in a, number of test - syst.cros . It i s considered mutagenic .

TAANSsORTATION INWORMATIOU

THIS JATERIALIS REGULATED AS A DOT HAZARDOUS MATERIAL .

DOT DESCziPTION -PROM .̀ THE -HAZ.t:RDOUS MATERIALS TABLE 49 CTE 172 .101 :

I4EIE°LBYDRd.ZIiNE FL MMABLZ LIQUID ON 1244 POISON -^ INHALATION 5AZAp.'D

REPORTAELE QUittv"1'ITY : 16 "Ms . (Per 49 CPR 172 .101, Appendix)

CPE134075

BNA0876828 1
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rial described above issub~ect to the U . S . .DOT HAZARDOUS IALSm tTh a ey
d belowi t .eca

REGULATIOKS via the modespsekaging quaatit .ies ind

2SOAE:.'

.: c .'
: PdCTCATNG QUANTITIES :

Lx ; gaU ; . : : x^:9u'1x'>~x Non Bulk
-Bu.k'Hot or x .Bulk . x_ Non

xr --Bulk x NOR-Bul k
a WoLtli " -A- D"SA al A(a;a-A;II A

The agp ! icable packaging section in 49 C%R is 173 .145
,

FOR ALL TRANSPORTATION ACCIDENTS, CALL CHEMTREC AT .800-424-9300.

)(10 lb sid .nerazr 40 CFR 302 .4 as monomet::ylby

SPILL MITIGATION PROCEDURES :

Evacuation proredu'rea oitt be . placed into .effec.t• Sazardous

concectrations in air may :bofound'ir local spill area and, 1=ediately

downwind. Utilize emergency response personal protective eauipmeat

prior to the start of-say r esponse . Remove all
Sources of ignition . Step

source of spilt as noon as possible and notify appropriate personnel .

AIR RELEASE: Vapors . may . be, Suppressed by the use of water fog . Contain

all liquid for treatment or neutral izatior .

NITER RELEASE : This later:a1 is lighter than
and miscible in water .

Notify all-downstream water users of possible

contamination. Divert water flow around spill ii

possible and safe to do so . Remove with a vacuum

System or :ptixipirg device for treatment and/or disposal
.

Continue to=handle as described in land spill .

1 ;d'D SPILL : Create a dike Or trench to contain, materials
. Begin to

neutral ire !ater
-ial-using a 5% hypochlorite solution but add

only, aft.eroriginal spLL! materials have been reduced to a 5%

or less .corcentrated so.tutioa. Do not place spill materials

back in their Original 'container . Containerize and label all

spill materials -properly . Decontaminate all clothing and the

spill area axing a detergent and flush with large atounts of

water .

Addition cf:-water -to. dilute material below 30% will greatly

reduce potential fire hazards . .

. , . . . . .SPILL. .RESIDUES:

Dispose of per guidelines • under section x2li WASTE .AISPOSAL .

This material miiy be neutralized for disposal ; you are requested to

ni .o
contact OCEAN at 800-OLINr911-before beginning any such operat

0
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PER30NAL :PAQTZCTTON :POR :EMERGENCY, BPTiL AND FIRE FTGFiTING SITIlAi;ON$ :

In ease of -fsre. ; .usa : .normal'• fise .fighting equiptent .

Additional : respzraLOiy"'protect'ion is necessary when a spill or fire

in%iolviag :'.this product' occurs : You are recommended to use a

self-^ eontained 'breathing apparatus (SC3A ) positive pressure unit .

Response:to'`tins matedial ' may'require the use of a full encapsulated

su1'tand

Additional protective-'clothing must be worn to prevent personal contact

with this :ma'tarial . Thosa items include but are not limited to boots,

gloves. ; . .kard'hat, .8piash-proof goggles and impervious clothing, i .e .,

chemically .: impeimeabti ;uit,_
. . .. . . . . . .

'Caacpatible ' m3Cei - alS-l icespSOO to this taterial are neoprene and
: . . . . . :.hutyl. . rubber : . . : . . ..+ ., :. .

?rotect oa COriaGYris tiiit also address the potential of the physical

charaetertsties•of this product as poison by Inhalation -

.111 WASTE DISPOSAL,

If this product boeomes a .wiste, ' it-meets the criteria of a hazardous waste
as de :,iced under 40 CFR : 261 .'and would have the following EPA hazardous

waste numbei.t DOQ1', P068 . . .

If 'this produoC becomeska was te, it vi21 be a-hazardous waste which is

subiect to, the Laird Diapoaal testrietlo ^s under 40 CPR 268 and must be

managed a:gord.ingly .. .. ., . i. : .

As 8• ha2ardotis' .l, qui'd .wastdj- :-. i-t must be disposed of in accordance with

local,a.tate and .fadesal -•ze$ulations in a permitted hazardous waste
treatment , storage and 34apoaal Facility by incineration .

CART MUST BE TA=i TO 'PREVENT ENVIRONMENTAL CONTA MINA?I0N FROM THE USE OF
THIS MATERIAL. THE USER• OF TEIS MATERIAL HAS THE R_SPONSIBILITY To DISPOSE
OP UNUSED MATERIAL , RESIDUES ' AND CONTAINERS IN COMPLIANCE WITH ALL RELEVANT
LOCAL, : . STATE AM FEDERAL LAWS AND REGULATIONS REGARDING TREATMENT, STORAGE

AND DISPOSAL,FOR-HAZARDOU$ AND NONHAZARAOUS WASTES .

BNA0876828 3
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ADDITIONAL` REGULATOR? STATUS : : : INFQRHAT. .ION,-

Skis 'subs 'tance s ''hzst OSi .on the Toxic Substances Cuntiol• Aot inventory .
TOXIC SUBSTANCES LONTROL'ACri '

CALIFORNIA 56FE fDRXNKING WATER AT A TOXIC ENFORCENEI(T ACT OF 1986
PROP .OSI?ION ::45 c „ . . . : : . . . . . . . . . . . : . : . . .. : . .

"WARNYNf ; ?his product' : contains -detectable amounts of a chemical

known to the State of California to cause cancer and birth defect s

or other ' .reps.oductiye hazrni.' : ,

SUPERFM AMeI1DM8NTS •ANn ^REAUT20MATION ACT
HAZARD CATECQRI£S,'PBR'4Q:'CER 370 .2 :

REAL?A:

.. Immed.iate .'fAent. e)-~~~ ~

belayed ' .(O rA ie)

- . : : .•„ . .Fir e'

EXTREMELY UAZARTAUS SUBSTANCES :- THRESHOLD PLANNING QUANTITY :

500 : .1bs . . . . : . ; . . . .. -

SUPPLIER -NOTIFICATION~'REQUIREMEN .IS, PER 40 CPR-372 .45 :
This mixtur-a_0r : :traddaname. product goctaine . a toxic . chemical or a

EMERGENCY PLANNI:NG a1D' con.'tNITY RIG$r TO ?(NOW, PER 40 -CFR 355, APP . A.

X•IV : ADDITIONAL INFORMATION

No Additional .-In'd:aa:kivn-•

XV::_ MAJOR REFERENCES

Database : .• .:Assaci.atioa of. American Railroads .

~ . Chemical' .•Degradation . .and•.Permeation Database and Seteetion.Guzde for
,Res is tant::-Prote:etive. Materials . Austin, TX . .

chemicals subjeett'o the reportin g requireaerti ct_Saction3?3 5 Title

III of the Superfund'Amendments and Reauthorization 'Act : of 1986`and

Chemicals listed ne .: Monomathylhydrazine

Baker ,' C: 3 : ; .?h'a :Fire Fight ar' s Handbook of Hazardous Materials,
4th, Ed., ianam Ma4tese Enterprisas, .Inc ., 1984 .

ACGIZ-0446 . ;t.a' .Protective Clothing . Cincinnati, QE : American
Conference o: Government Industrial Hygienists, 1987 .
ANSI 288 .2:• Recomionded Practice for Respiratory Protection .
American'National . oaridard. s:, . Iastitute , Now: York, -NY . . .

4 . 8rethtrr. ck.'L: Handboak of Reactive Chemical Hazards, 3rd Ed,,
Boston, MA". Buttetwogtks ;2985: . .

5 . Casarett ;: L.. and J.'Doull, Eds .', Toxicology ; The Basic Saienee of
Poisons, 3rd Ed ., New York : Macmillan Publishing Co ., Inc . 1986 .

6. C_RIS -(Cbemieal Emergency Response information System) On Line

r
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Clayton,' ; ;C . ai?d 'P ' ;Claytoa . .Eds ., Patty's Industrial Hygiene and

7oxicb1ogy, .Vo1: . .2s-C 3rd Ed ., New York. John- Wiley b Sons,

2982-1982 .

9. Code ;f. 'F'oderai. Regulations , Titles 21, 2940 and 49 . Washington,

DC : U .S .. Government Printing Office .

•10: Fir 'Protection Gtiide on Hazardous Materials , 9'th Ed ., National Fire

Piatoct-' on .ASSaciation , Batteryiasrch Park , Quincy;- MA, 1986 .

11 ;• Gosse.lin,:R :,. at al ., .,. Gpsselir.-Clinical Toxicology of Commercial

Productsi 5th Ed,., Baltimore . Williams and Wilkiins , .1984 .

12. . . . :Grant, : W . Morton ; . M.D :., Toxicology of the Eye , 2nd Ed , . Springfield ,

. IL : Charles . .C . : .Thomas ; 1974 . {

13 : . . .Hazardtire ; Oecupationalliealth Services Inc ., New York, NY .

14'. IARC Monogram on the Evaluation of .Carcinogenie Risk of Chemicals to

Nan. ; Geneva : . . World Health Organization ; International Agency for

Research on Cancer . ;' :' '

15 . ; .:LeagB ; R.:, The Sigma-Aldrich Library of Chemical Safety Data, 1st.

Ed..,,Mi.lwaukee, WI : .Sigaa-Aldrich Corporation, 1985 .
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FOR FURTHER INFORMATION (OTHER THAN EMERGENCIES) CALL :

(600) 511-M5D5

Product Name : MONOMETHYLHYDRAZINE

Product Code : CPE81000 2

M5D5 Number : CPE00295 .0003

OCEAN NETWORK EMERGENCY PHONE 1 -800-OLIN-911

This Material Safety Data Sheet ( MSDS) has been prepared in compliance with the

Federal OSHA Hazard Communication Standard , 29 CFR 1910 .1200 . This product may b
e
considered to be a hazardous chemical under that standard . ( Refer to the OSHA

classification in SFC . I .)This information is required to be disclosed for safe t

y
in the workplace . The exposure to the community , if any, is quite different .

1 . PRODUCT IDENTIFICATION

REVISION NUMBER : 08

REVISION DATE : 02/06/96

MSDS FILE NUMBER : CPE00295,0003

PRODUCT CODE : 810002
MSDS NAME : MONOMETHYLHYDRAZINE

s sensitizer ; liver , kidney , nervous system,

blood and lung toxin ; skin and eye hazard ;

flammable liquid

BNA08768287

SYNONYMS : MMH, methyl hydrazine

CHEMICAL FAMILY : Hydrazine
FORMULA : CH\6N\ 2
USE DESCRIPTION : Propellant

OSHA HAZARD CLASSIFICATION ; Corrosive ; suspect carcinogen ; highly toxic ;

H DMS POO1793974
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II . COMPONENT-DATA

•ONOMETHYLHYDRAZINE CPE810002 PAGE 2

PRODUCT COMPOSITION :

CAS or CHEMICAL NAME : Monomethylhydrazine

CAS NUMBER : 60-34-4

PERCENTAGE RANGE : 95-99%

HAZARDOUS PER 29 CFR 1910 .1200 : Yes

EXPOSURE STANDARDS :

OSHA(PEL) CA L gin ;', ACGIH(TLV )

ppm mg/cubic-meterppm mg/cubic-meter 7
TWA : None • r

CEILING : 0 . 2 0 .35 ( akin )

STEL : None

I

0 .01 0 .019 (skin)

None

None

CAS or CHEMICALINAME : Water

CAS NUMBER : 7732-18-5

PERCENTAGE RANGE : 1-5%

HAZARDOUS PER 29 CFR 1910 .1200 : No

EXPOSURE STANDARDS : None Establishe d

III . SAFE HANDLING AND STORAGE

DO NOT TAKE INTERNALLY . AVOID CONTACT WITH SKIN, EYES AND CLOTHING .

UPON CONTACT WITH SKIN OR EYES, WASH OFF WITH WATER . DO NCT BREATHE

VAPOR OR MIST . j

STORAGE CONDITIONS : Store away from heat, sparks, open flame and oxidants,

Store only in wel~ ventilated areas . Do not contaminate . All

• -containers and handling equipment for monomethylhydrazine should be

electrically grounded . An inert atmosphere must be maintained over

monomethylhydrazine at all times . Nitrogen has been adopted as the

padding material for monomethylhydrazine storage and transfer .

DO NOT STORE AT TEMPERATURES ABOVE : 51 Deg .C (124 Deg .F)

OTHER : DO NOT EXPOSE TO DIRECT LIGHT .

PRODUCT STABILITY AND COMPATIBILITY

SHELF LIFE LIMITATIONS : 5 Years if not opened and exposed to the atmo-

sphere . Material older than 5 years should be retested before use .

INCOMPATIBLE MATERIALS FOR PACKAGING : Package only in 304 or 34 7

stainless steel containing less than 1% molybdenu m

INCOMPATIBLE MATERIALS FOR STORAGE OR TRANSPORT : Oxidizing agents,

metal oxides,I metals other than low-molybdenum (<1%) stainless steel,

and organic materials with high surface area such as rags, cotton

waste, sawdust, etc .

IV . PHYSICAL DATA

APPEARANCE : Clear, colorless liquid

FREEZING POINT : -52 .4 Deg .C (-62 .3 Deg .F)

BOILING POINT : 87 .5 Deg .C (189 .5 Deg .F)

DECOMPOSITION TEMPERATURE : 88 Deg .C (190 Deg .F)

SPECIFIC GRAVITY : 0 .87

BULK DENSITY : 0 .04 (g/cc )

pH @ 25 DEG .C : 11-11 .5 (5% in neutral distilled Water)

VAPOR PRESSURE @ 25 DEG .C : 49 .6 mm Hg

SOLUBILITY IN WATER : Completely miscible

*EVAPORATION PERCENT BY VOLUME : 100

EVAPORATION RATE :INo Data

VAPOR DENSITY : 1 .59 (air=1 .0)

BNA08768288
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MOLECULAR WEIGHT : 48 .08
ODOR : Amine-
COEFFICIENT OF OIL/WATER DISTRIBUTION : No Dat a

ONOMETHYLHYDRAZINE CPE810002 PAGE 3

V . PERSONAL PROTECTIVE EQUI P

PERSONAL PROTECTION FOR ROUTINE USE OF PRODUCT :

RESPIRATORY PROTECTION : Wear a NIOSH/M5HA approved respirator if any

exposure occurs .

VENTILATION : Use explosion-proof local exhaust ventilation to maintain
levels to below the TLV .

SKIN PROTECTIVE EQUIPMENT ; Wear gloves, boots, apron and a face shield

with safety goggles . A full impermeable suit

is recommended if exposure is possible to

large portion of body .

OTHER : An eye wash and safety shower must be immediately available in

area where materials are handled .

EQUIPMENT SPECIFICATIONS ( WHEN APPLICABLE) ;

RESPIRATOR TYPE : NIOSH/MSHA approved full-face positive-pressure

supplied air respirator

GLOVE TYPE : Butyl rubber

BOOT TYPE : Butyl rubber

APRON TYPE : Butyl rubber

PROTECTIVE SUIT : Butyl rubber

s VI . FIRE & EXPL05I0N HAZARD S

FLAMMABILITY DATA :

FLAMMABLE : Yes
COMBUSTIBLE : Not Applicable

PYROPHORIC: No

FLASH POINT : 21 Deg .C (70 Deg .F) Test Method : Cleveland Open Cup

AUTOIGNITION TEMPERATURE : 194 Deg .C (382 Deg .F )

FLAMMABLE LIMITS AT NORMAL ATMOSPHERIC TEMPERATURE AND PRESSURE (PERCENT

VOLUME IN AIR) : LEL - 2 .5% UEL - 98% 1

NFPA RATINGS :
HEALTH: 4

FLAMMABILITY: 3

REACTIVITY : 2

HMIS RATINGS :

HEALTH: 3

FLAMMABILITY: 3

REACTIVITY : 2

EXTINGUISHING MEDIA : Carbon dioxide, dry Chemical, water spray

FIRE FIGHTING TECHNIQUES AND COMMENTS : Use water to cool containers exposed

to fire . See Section XI for protective equipment for fire

fighting .

a
VII . REACTIVITY I

CONDITIONS UNDER WHICH THIS PRODUCT MAY BE UNSTABLE :

TEMPERATURES ABOVE : 88 Deg .C (190 Deg .F)

BNA08768289
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MECHANICAL SHOCK OR IMPACT : No

ELECTRICAL (STATIC) DISCHARGE : Yes

HAZARDOUS POLYMERIZATION : Will not occur

~ONOMETHYLHYDRAZINE CPE810002 PAGE 4

INCOMPATIBLE MATERIALS : Avoid contact between monomethylhydrazine and

strong oxidizers such as hydrogen peroxide , nitrogen tetroxide ,

fluorine, halogen fluorides, and fuming nitric acid . Such contact

will result in immediate ignition or explosion . Avoid contact with

metal oxides Such as those of iron, copper, lead, manganese, and

molybdenum . Contact with such metal oxide surfaces may lead to flaming'

decomposition . Avoid contact with organic materials having large

surface areas or porous surfaces . Adsorption of monomethylhydrazin e

by rags, cotton waste, sawdust or similar organic materials will

eventually result in spontaneous ignition .

HAZARDOUS DECOMPOSITION PRODUCTS : Carbon monoxide, nitrogen oxides

OTHER CONDITIONS TO AVOID : Exposure to direct sunligh t

SUMMARY OF REACTIVITY :

OXIDIZER: No

PYROPHORIC: No

ORGANIC PEROXIDE : No

WATER REACTIVE : No

VIII . FIRST AID

EYES : Immediately flush with large amounts of water for at least 15

minutes, occasionally lifting the upper and lower eyelids . Call a

physician at once .

SKIN : Immediately flush With water for at least 15 minutes . Call a

physician . If clothing comes in contact with the product, the

clothing should be removed immediately and should be laundered

before re-use .

INGESTION : Immediately drink large quantities of water . Induce vomiting .

Call a physician at once . DO NOT give anything by mouth if

the person is unconscious or if having convulsions .

INHALATION ; If person experiences nausea, headache or dizziness , person

should stop work immediately and move to fresh air until these

symptoms disappear . If breathing is difficult, administer

oxygen, keep the person warm and at rest . Call a physician . In

the event that an individual inhales enough vapor to lose

consciousness, person should be moved to fresh air at once and

a physician should be called immediately . If breathing has

stopped, artificial respiration should be given immediately . I n

all cases , ensure adequate ventilation and provide respiratory

protection before the person returns to work .

IX . TOXICOLOGY & HEALTH

ROUTES OF ABSORPTION

Inhalation, dermal, ingestion , eye contac t

WARNING STATEMENTS AND WARNING PROPERTIES

MAY BE FATAL IF INHALED, ABSORBED THROUGH SKIN OR INGESTED . CAUSES EYE,

SHIN, DIGESTIVE TRACT AND RESPIRATORY TRACT BURNS . CAUSES LIVER , KIDNEY,

BLOOD, LUNG AND NERVOUS SYSTEM DAMAGE . MAY CAUSE AN ALLERGIC SKIN

BNA08768290
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REACTION . MAY CAUSE CANCER BASED ON ANIMAL DATA .

UMAN THRESHOLD RESPONSE DATA

~ONOMETHYLHYDRAZINE CPES10002 PAGE 5

ODOR THRESHOLD : 1 .7 ppm

IRRITATION THRESHOLD : This value has not been established .

IMMEDIATELY DANGEROUS TO LIFE OR HEALTH : 20 ppm

SIGNS, SYMPTOMS, AND EFFECTS OF EXPOSUR E

INHALATION
ACUTE :

Monomethylhydrazine is highly toxic and rapidly, absorbed through the

lungs . It is highly irritating to the nose, throat, upper respiratory

tract and lungs . Inflammation of the respiratory tract may lead to

bronchitis . Pulmonary edema and lung damage may occur . Damage may

also result to liver, kidneys and blood . High exposure may give rise

to hemolysis of the blood cells . Vomiting, diarrhea, nausea,

dizziness, cyanosis and convulsions may also occur . Significant

exposures to this product could result in serious health effects and/or

death .

CHRONIC :

The repeated inhalation of monomethyl hydrazine may produce

inflammation of the nasal, tracheal and bronchial tissue . Chronic

bronchitis can result . Damage to the liver, kidneys, and blood may

also occur . Damage to blood may be characterized by hemolysis and

reduction of packed cell volume . Repeated inhalation of

monomethylhydrazine has produced cancer in laboratory animals .

SKIN

ACUTE :

Monomethylhydrazine is rapidly absorbed through the skin and is highly

toxic by this route which is dependent on exposed skin surface area and

concentration of the solution . Exposure to large areas of the skin may

lead to a significant dose being absorbed causing systemic toxicity

similar to the effects described for inhalation exposure and possibly

death . Monomethylhydrazine can produce severe irritation and/or burns .

Dermatitis may also occurs .

CHRONIC :

Repeated exposure can cause an allergic reaction resulting in

dermatitis and a characteristic rash . Other effects would be similar

to those described under chronic inhalation exposure .

EYE

Exposure can cause inflammation, swelling, redness, and discharge .

Temporary blindness can occur . If not rinsed immediately from the

eyes, burns and permanent corneal damage can occur resulting in
impairment of vision .

I

INGESTION

ACUTE :

Monomethylhydrazine is highly toxic if ingested . Irritation and/or

burns can occur to the entire gastrointestinal tract, including the

stomach and intestines, characterized by nausea„ vomiting, diarrhea,

abdominal pain, bleeding, and/or tissue ulceration . The other effect s

® would be similar as stated under inhalation exposure . Significant

exposure to this material could lead to serious'health effects and/or

death .

CHRONIC :

BNA08768291
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Inflammation to the gastrointestinal tract can occur . Other effects

would be similar as stated under inhalation exposure . Chronic

ingestion has produced cancer in laboratory animals .

Is
ONOMETHYLHYDRAZINE CPE810002 PAGE 6

MEDICAL CONDITIONS AGGRAVATED BY EXPOSUR E

Diseases of the liver, kidneys, and blood, as well as asthma and

cardiovascular disease and nervous system disorders .

INTERACTIONS WITH OTHER CHEMICALS WHICH ENHANCE TOXICITY

None known or reported

ANIMAL TOXICOLOGY

ACUTE TOXICITY :

Inhalation LC 50 : 74 ppm ( 4 hr . exposure , rat) ; 148 ppm (rats, 1 hr)

Dermal LD 50 : 93 mg/kg (rabbit )

Oral LD 50 : 32 mg /kg (rat )

Irritation ; Corrosive to skin and eyes ; irritating to the respiratory

tract

ACUTE TARGET ORGAN TOXICITY :

Damage to lungs, liver, kidneys, blood and central nervous system .

CHRONIC TARGET ORGAN TOXICITY :

Repeated exposure to monomethyl hydrazine has produced damage to the

lungs, liver, kidneys, blood and nervous system . Cancer has also been

observed in laboratory animals .

' REPRODUCTIVE AND DEVELOPMENTAL TOXICITY :
High concentrations of monomethylhydrazine have produced

embryolethality and fetal malformations to the offspring of animals

exposed during pregnancy . These findings were only osberved at

concentrations that caused significant maternal toxicity . Under

industrial use conditions where exposures are kept at or below the

recommended occupational exposure standards, exposure to this product

should not pose a reproductive or developmental toxicity hazard .

CARCINOGENICITY :

Monomethylhydrazine is not known or reported to be carcinogenic by the

following reference sources : IARC, NTP or EPA . Monomethylhydrazine is

listed by ACGIH as a suspect human carcinogen, and NIOSH considers it

to be a carcinogen defined with no further categorization to human or

animal carcinogenicity . Hydrazine and the hydrazine derivative,

1,1-Dimethylhydrazine, have been shown to be carcinogenic in laboratory

animals . They are considered to be suspect human carcinogens by IARC,

NTP and ACGIH . Based on structural similarity to these compounds and

carcinogenic findings in some animal studies, monomethylhydrazine

should be handled with care and treated as a suspect carcinogen .

MUTAGENICITY :

Monomethylhydrazine has been shown to Cause DNA and Chromosomal damage

in a number of test systems . It is considered mutagenic .

AQUATIC TOXICITY :
48 hr LC50 ( measured , static) : 1 .2 mg/l (Scud )

96 hr LC50 ( measured , static) : 3 .54 mg/ l (Channel Catfish )

96 hr LC50 ( measured , static) : 2 .27 mg/l (Golden shiner)

S
X . TRANSPORTATION

BNA08768292
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THIS MATERIAL IS REGULATED A5 A DOT HAZARDOUS MATERIAL .

S
OT DESCRIPTION FROM THE HAZARDOUS MATERIALS TABLE 49 CFR 172 .101 :

ONOMETHYLHYDRAZINE CPE810002 PAGE 7

LAND (U .S .DOT) : METHYLHYDRAZINE, 6 .1, UN 1244, PG I ,

Poison Inhalation Hazard - Hazard Zone A

WATER (IMO) : SAME AS LAND (FLASH POINT 21 Deg .C )

AIR (IATA/ICAO) : FORBIDDEN

HAZARD LABEL/PLACARD : TOXIC, FLAMMABLE LIQUID, CORROSIVE

REPORTABLE QUANTITY : 10 lbs . i (Per 49 CFR 172 .101, Appendix)

EMERGENCY GUIDE NUMBER : 57

SPECIAL COMMENTS : Exemptions for 4BW and 110A500W type containers exist for

this material . Air shipments may be possible using

specialized, containers .

Xi- SPILL % LEAKAGE

FOR ALL TRANSPORTATION ACCIDENTS, CALL CHEMTREC AT 800- 424-9300 .

REPORTABLE QUANTITY : This product is subject to a Reportable Quantity with

respect to monomethylhydrazine . RQs are subject to change and reference

should be made to 40 CFR 302 .4 for the current requirements

SPILL MITIGATION PROCEDURES :

Evacuation procedures must be placed into effect . Hazardous

concentrations in air may be found in local spill area and immediately

• downwind . Utilize emergencylresponse personal protective equipmen t

prior to the start of any response . Remove all sources of ignition . Stop

source of spill as soon as ossible and notify appropriate personnel .

AIR RELEASE : Vapors may be suppressed by .the use of water fog . Contain

all liquid for, treatment or neutralization .

WATER RELEASE : This material is lighter than and miscible in water .

Notify all 'downstream water users of possible

contamination . Divert water flow around spill if

possible and safe to do so . Remove with a vacuum

system or pumping device for treatment and/or disposal .

Continue to'handle as described in land spill .

LAND SPILL : Create a dike or trench to contain materials . Begin to

neutralize material using a 5% hypochlorite solution but add

only after original spill materials have been reduced to a 5%

or less concentrated solution . Do not place spill materials

back in their original container . Containerize and label all

spill materials properly . Decontaminate all clothing and the

spill area using a detergent and flush with large amounts of

water .

Addition of water to dilute material below 30% will greatly

reduce potential fire hazards .

SPILL RESIDUES :

Dispose of per guidelines under Section XII . WASTE DISPOSAL .

This material may be neutralized for disposal ; you are requested to

contact OCEAN at 600 -OLIN-911 before beginning any such operation .

• PERSONAL PROTECTION FOR EMERGENCY SPILL AND FIRE-FIGHTING SITUATIONS :

Additional respiratory protection is necessary when a spill or fire

BNA08768293
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involving this product occurs . You are recommended to use a

self-contained breathing apparatus (5CBA) positive pressure unit .

•ONOMETHYLHYDRAZINE CPE810002 PACE 8

Response to this material may require the use of a full encapsulated

suit and self-contained breathing apparatus (SCBA) .

Additional protective clothing must be worn to prevent personal contact

With this material . Those items include but are not limited to boots,

gloves, hard hat, splash-proof goggles, full face shield and impervious

clothing, i .e ., chemically impermeable suit or a full encapsulated suit .

Compatible material for response to this material is butyl rubber .

Protection concerns must also address the potential of the physical

characteristics of this product as poison by inhalation, flammable liquid

and corrosive liquid .

XII . WASTE DISPOSAL

If this product becomes a waste, it meets the criteria of a hazardous waste

as defined under 40 CFR 261 and would have the following EPA hazardous

waste number : D001, P068 .

If this product becomes a waste, it will be a hazardous waste which is

subject to the Land Disposal Restrictions under 40 CFR 268 and must be

managed accordingly .

As a hazardous liquid waste, it must be disposed of in accordance with .

ocal, state and federal regulations in a permitted hazardous waste . f

reatment, storage and disposal facility by incineration .

CARE MUST BE TAKEN TO PREVENT ENVIRONMENTAL CONTAMINATION FROM THE USE OF

THIS MATERIAL . THE USER OF THIS MATERIAL HAS THE RESPONSIBILITY TO DISPOSE

OF UNUSED MATERIAL, RESIDUES AND CONTAINERS IN COMPLIANCE WITH ALL RELEVANT

LOCAL, STATE AND FEDERAL LAWS AND REGULATIONS REGARDING TREATMENT, STORAGE

AND DISPOSAL FOR HAZARDOUS AND NONHAZARDOUS WASTES .

XIII .ADDITIONAL REG STATUS

TOXIC SUBSTANCES CONTROL ACT :

This substance is listed on the Toxic Substances Control Act inventory .

CALIFORNIA SAFE DRINKING WATER AND TOXIC ENFORCEMENT ACT OF 1888 -

PROPOSITION 65 :

"WARNING : This product contains detectable amounts of a chemical

known to the State of California to cause cancer and birth defects

or other reproductive harm . "

SUPERFUND AMENDMENTS AND REAUTHORIZATION ACT TITLE III :

HAZARD CATEGORIES, PER 40 CFR 370 .2 :

HEALTH :

Immediate (Acute)

Delayed (Chronic)

PHYSICAL :

Fire

S
MERGENCY PLANNING AND COMMUNITY RIGHT TO KNOW, PER 40 CFR 355, APP . A :

EXTREMELY HAZARDOUS SUBSTANCES - THRESHOLD PLANNING QUANTITY :

500 lbs .

BNA08768294
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SUPPLIER NOTIFICATION REQUIREMENTS , PER 40 CFR 372 .45: -
5-
This mixture or tradename roduct contains a toxic chemical o rp

chemicals subject to the reporting requirements of Section 313 of Title

ONOME HYLHYDRAZINE CPES10002 PAGE 9
I

III of the Superfund Amendments and Reauthorization Act of 1986 and

40CFR372 .

Chemicals listed are : Monomethyihydrazine

XIV . ADDITIONAL INFORMATIO N

MSDS REVISION STATUS : Exposure standards , toxicology information and

i references updated . (10 )
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THE INFORMATION IN THIS MATERIAL SAFETY DATA SHEET SHOULD BE PROVIDED TO

• ALL WHO WILL USE, HANDLE, STORE, TRANSPORT, OR OTHERWISE BE EXPOSED TO

THIS PRODUCT . THIS INFORMATION HAS BEEN PREPARED FOR THE GUIDANCE OF

PLANT ENGINEERING, OPERATIONS AND MANAGEMENT AND FOR PERSONS WORKING WITH

OR HANDLING THIS PRODUCT . OLIN BELIEVES THIS INFORMATION TO BE RELIABLE
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I,

ARRANTY THAT

IT IS . ADDITIONALLY , IF THIS MATERIAL SAFETY DATA SHEET IS MORE THAN
THREE YEARS OLD , YOU SHOULD CONTACT OLIN AT THE PHONE NUMBEMR LISTED BELO W

4ONOMETHYLHYDRAZINE CPE8 10002 PAGE 10

TO MAKE CERTAIN THAT THIS SHEET IS CURRENT .

OLIN MSDS CONTROL GROUP
Olin Corporation

501 Merritt 7

P .O . Box 4500

Norwalk, CT 06856-4500

Phone Number : (800 ) 511-MSDS
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Hydrazine -History of the TLV/PEL

Year TLV Standard

456-1962 TLV-TWA = 1 ppm

1961-Present Skin notation added (Systemic effects seen in animals following dermal contact)

1963 TLV-Ceiling = 1 ppm

1964-1976 TLV-TWA = 1 ppm

1975 TLV-TWA = 0.1 ppm, A2-suspected human carcinogen (Proposed-cancer, liver & blood effects)

1976 TLV-STEL = 0.3 ppm (Proposed )

1977 TLV-STEL proposal deleted (Insufficient IH & toxicology information to establish a STEL)

1977-1993 TLV-TWA = 0 .1 ppm, A2-suspected human carcinogen (Pulmonary tumors in animals observed)

1989 TLV-TWA = 0.01 ppm (Proposed-Based on the slightly higher incidence of nasal tumors in rats)

1992 Documentation of the TLV revised

1993-Present TLV-TWA = 0 .01 ppm, A3-animal carcinoge n

Carcinogenic Classification

ACGIH-TLV A2-suspected human carcinogen (1977-1993), A3-animal carcinogen ( 1993-Present)
IARC Group 2B-possibly carcinogenic to humans

NIOSH Carcinogen-with no further classification

NTP Group 2-reasonably anticipated to be a carcinogen
MAK Group A2-carcinogenic in animal experimentation (Germany )

ther Nation s

Australia 0.1 ppm, Category 2-probable human carcinogen, skin (1990 )
Germany 0.1 ppm, Group A2-carcinogenic in animal experimentation, skin, sensitizer (1991)

Sweden 0.1 ppm, 0 .3 ppm (STEL), carcinogenic, skin, sensitizer (1989 )

UK 0.1 ppm, skin (1991)

Reference : ACGIH Documentation of the Threshold Limit Values (TLV's), 1992

Hydrazine Compound Cal/OSHA PEL Fed/OSHA PEL ( Proposed-1989 )

Hydrazine TWA = 0 .1 ppm TWA = 1 ppm (TWA = 0.1 ppm)
Monomethylhydrazine (MMH) Ceiling = 0.2 ppm Ceiling = 0.2 ppm
1,1-Dimethylhydrazine (DMH) TWA = 0.5 ppm TWA = 0.5 ppm

Phenylhydrazine TWA = 5 ppm, STEL = 10 ppm TWA = 5 ppm (STEL = 10 ppm)
(Note : All have Skin notation)

References: Cal/OSHA Section 5155, and Fed/OSHA Section 1910 .1000

-Other Standards

q REIOSH L-Ceiling = 0 .03 ppm

NIOSH REL-IDLH = 80 ppm

BNA08768297
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Comments Regarding ACGIH TLV' s

Since the mid-1950 's, the ACGIH TLV-TWA has been lowered by a factor of 100 (from 1 ppm to 0 .01 ppm) .

is interesting to note that the ACGIH made two contradictory ch anges in the early 1990 ' s. At the same time
at they lowered the TLV-TWA from 0 . 1 ppm to 0 . 01 ppm (a tenfold decrease) based on the slightly higher

incidence of nasal tumors in rats, they lowered the carcinogenicity category from A2 to A3 ( as defined below) .

A2-Suspected Human Carcinogen : The agent is carcinogenic in experimental animals at dose levels , by route(s)

of administration, at site(s), of histologic type(s), or by mechanism(s) that are considered relevant to worker

exposure . Available epidemiologic studies are conflicting or insufficient to confirm an increased risk of cancer

in exposed humans .

A3-Animal Carcinogen : The agent is carcinogenic in experimental animals at a relatively high dose , by route(s)

of administration, at site(s), of histologic type(s), or by mechanism(s) that are not considered relevant to worker

exposure. Available epidemiologic studies do not confirm an increased risk of cancer in exposed humans .

Available evidence suggests that the agent is not likely to cause cancer in humans except under uncommon or

unlikely routes or levels of exposure .

(Note : Differences in wording are underlined)

Comments Regarding OSHA PEL's

When the OSHA Act was passed in 1970, Fed/OSHA adopted the 1968 ACGIH TLV's and incorporated them

into law as the OSHA PEL table . When Cal/OSHA was formed in 1973, it is assumed that they did the sam e

,ing . As a result, it is likely that their original standard (PEL) for hydrazine in the early 1970's was 1 ppm .

Fed/OSHA never adopted the Fed/OSHA PEL changes proposed in 1989, since they were overturned in court .

However, Cal/OSHA went ahead and made these changes. This is the reason why the current Cal/OSHA PEL's

for several hydrazine compounds are more stringent than the current Fed/OSHA PEL's .

•
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Internal Letter 1 Rockwell Internationa l

•

Date . February 3, 198 3

TO :
F. B . ar

y D/596, 0S5-SS12

5x2&
1273 -

Suhiect : . RESPIRATORY PROTECTIVE PROGRAM

Sections 5144 (c)t(h) of the CAL/OSHA General Industry Safety Orders

(see attachment) specify medical and training requirements pertaining

to the use of respiratory protective equipment .

These requirements, which apply to all operations involving the use of

respirators, will be incorporated into the affected sections of the Rocket-

dyne Field Laboratories Procedures .

To comply with the regulation, Health & Safety . has established a certifi-

cation program for the use of respiratory protective equipment . It includes

a medical examination and a training session . Test Man agement can now submit

names of affected employees to Health & Safety for scheduling .

J .-K . Kwan, Health $

Safety Specialis t

JKK•bbs

w~ ~~ 4c vas ,~`

No

FROM ti'a .ne . o .canv V r .,•.: : as Adorecx vnn.ne ,

J. K . Kwan

D/551, 055-SS1 1

A171,1-Z . :

R e_cc : All Test Managers

R. J

.

. Lodge /

(

•

3 .

(1itic do4ea W a
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TITLE 8 GENERAL INDUSTRY SAFETY ORDERS § 5144

(Register L. No. fl-eDaa) ( p. 432 .257 )

(A) The gas must be nontoxic and have a distinc tive and s trong enough odor
to warn workmen of its presence if unburned .

(B) The maximum rate of gas supply to the make - up air heater shall not yield
in excess of 2000 m of total combustible gas in the mixture upon flame failure .

(C) A fan shall be provided to remove the mixture of heated air and combus-
tion products from gas burner plenum chambers. (Tide 24, T8- 5143 )
NOTE : Authori ty cited : Section 1423, Labor Code . Reference : Section 142 .3, Labor Code .

HISTORY :
1 . Amendment filed 7- 16-76; e ffec ti ve th irtieth day thereafter ( Register 76, No . 29)
2 Amendment of subsection (a) (2) filed 2-20-80; effecti ve thir ti eth day thereafter

(Register 90, No. 8) .

5144 . Respiratory Protective Equipment.
(a) When and Where To Be Worn . When it is clearly impracticable to

remove harmful dusts, fumes, mists, vapors , or gases at their source, as required
in Sec tions 5141 and 5143 or where emergency protection against occasional
and for relatively b rief exposure is needed, the employer shall provide, and the
employee exposed to such hazard sha ll use, approved respirato ry equipment.

(b) Approved Equipment . Whenever respirators are required to be used
to con trol harmful exposures , only respirato ry equipment approved for that
purpose sha ll be used and such equipment shall approved by the Mining
Enforcement and Safety Adminis tra tion or the Na tional Ins ti tute for Occupa .
tional Safety and Health , Department of Health, Education, and Welfare . Only
parts approved for the specifiCTespirator system shall be used for replacement .
Approval of equipment for which the above agencies have not established
standards shall con tingent upon proof of its meri ts satisfactory to the Divi-
sion . (See Sec tion 3206) .

(c) Educa tion and Training . Employees shall be instructed and trained in
the need , use, sanitary care, and limita tions of such respirato ry equipment as
any employee may have the occasion to use, Respirators shall be inspected
before each use and shall not be worn when condi tions prevent a good gas-tight
face seal . Every respirator wearer shall be instructed in how to properly fit an d
test respiratory equipment and how to check the facepiece fit and shall be
provided the opportuni ty to we ar respiratory equipment in normal air for an
adequate familia rity period, and to wear it in a test atmosphere ( such as gener-
ated by smoke tu be s or isoamyl acetate) .

( d) Mainten ance and Sanita tion .
(1) The employer shall provide , repair , or replace respiratory protec tive

equipment as may be required due to wear and dete rioration .
(2) Respirators maintained for emergency use shall be inspected and

sani tized after each use and inspected at least monthly . A record of the most
recent inspection sha ll be maintained on the respirator or its storage container,
and sha ll include the inspector's identifica tion , the date and a respirator iden-
tifica tion numbe r .

(3) The employer shall provide means for cle an ing all respiratory protective
equipment . Routinely used respiratory equipment shall be regularly cleaned,
inspected , and sani tized by a qualified individual . Respiratory equipment shall
not be passed on from one person to another un ti l it has been cleaned and
sani ti zed .

222411
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432 .258 .2 INDUSTRIAL RELAT1oNS TITLE 8
(apt ae 7a, No. z7--au7a l

(g) Atmospheres Immediately Hazardous to We or Health. In

atmospheres immediately hazardous to life or health, at least two per-
sons equipped with approved respiratory equipment sha ll be on the job .

Communica tions shall be maintained between both or all individuals
present . Standby persons , at least one of which shall be in a location

which will not be affected by any likely incidents , shall be present with

suitable rescue equipment including self-contained breathing appara-
tus .

T (h) Medical Limitations. Persons should not be assigned to tasks
requ7nng use of respirators unless it has been determined that they are
physically able to perform the work while using the required respira-

tory equipment . A licensed physician shall determine what health and

physical conditions are pertinent . medical status of persons as-

signed use of respiratory equipment shoul _ review it least annual-

ly . Wearing of contact lenses shall not & permitter atmosphere

where a respirator is required .

( i) Labeling Gas Mask Canisters. Gas mask canisters shall be la-
beled and color coded as indicated in Table I before they are placed in
service . The canister label sha ll include the following information:

In bold letters

(1) "Canister for
(Name for Atmospheric Contaminant)

or

'Type N Gas Mask Canister "
(2) "For Respiratory Protection in Atmospheres Containinjq Not

More Than - Percent by Volume of
(Name of Contaminant )

Each canister shall have a labe l warning that gas masks should be used
only in atmospheres containing sufficient oxygen to suppo rt life. Canis-
ters having a special high-efficiency filter for protection against ra-
dionuclides and other high ly to xic particulates shall be labe led with a
statement of the type and degree of protection afforded by the filter .

BNA08768301
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14 FEBRUARY 1983

D/598-346 - REQUIREMENTS FOR

RESPIRATORY PHYSICAL S

W. COKER - HAS HAD ONE WITHIN THE LAST YEAR

M . GRANDCOLAS

E . LOCKWOOD

R . METZNER - HAS HAD ONE WITHIN THE LAST YEAR

F . PATOTA

J . PULTE

D . TYKE R

0

BNA08768302
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11 February 198 3

•

D/598-345

RESPIRATORY PROTECTIVE PROGRAM

PRIORITY

•

•

ALFA - R . M . BANAGA - 1

D . LOMBARDO - I

G . W . MIRES - 2

W . E . GARRARD - 2

COCA 1ST - R . W . WILLIAMS - 1

D . R. ROACHE - 1

G . R . ALLSHOUSE - 2

T . A. PORTER - 2

COCA 2nd - J . J . MARTINEZ - 1

J . W . DODGE - 1

D . C . RODRIGUEZ - I

N . E . BELL - 2

COCA 3rd - C . R . RINTOUL - I

R . A . AABERG - 1

A . INGRASSI JR . - 2

C . C . BLUE - 2

BNA08768303
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11 February 198 3

•

D/598-345

RESPIRATORY PROTECTIVE PROGRAM

PRIORITY

•

•

ALFA - R. M . BANAGA - 1

D . LOMBARDO - I

G . W . MIRES - 2

W . E . GARRARD - 2

COCA 1ST - R . W. WILLIAMS - 1

D . R . ROACHE - 1

G . R . ALLSHOUSE - 2

T . A . PORTER - 2

COCA 2nd - J . J . MARTINEZ - 1

J . W . DODGE - 1

D . C . RODRIGUEZ - 1

N . E . BELL - 2

COCA 3rd - C . R . RINTOUL - 1

R . A . AABERG - 1

A . INGRASSI JR . - 2

C . C . BLUE - 2
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14 FEBRUARY 1983

D/598-346 - REQUIREMENTS FO R

RESPIRATORY PHYSICAL S

W. COKER - HAS HAD ONE WITHIN THE LAST YEAR

M . GRADCOLAS

E . LOCKWOOD

R . METZNER - HAS HAD ONE WITHIN THE LAST YEAR

F . PATOTA

J . PULTE

D . TYKE R

•

•
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412/273-5146

August 27. 198 2

Mr. K . D. lush

kvctwell International

6633 Cendrye Avenue

Canoga Park , CA 9t304

Door Kr. Push ,

atcloa,B you will find a copy of our test report an the h2") use mask Canister .

ibis to the oasis as our Orti-Osa Goo Fink Canister, AC you will Was there to

infar:mation contained in this werport concerning service life of the canister

a'7ainut hydrazine, mononethylhy0razine# unsym4matrical dittxthylhydrazine and red

Fuming nitric acid . All teutr show an adequate invite life against voncentra-
tion8 ODE thous aunalencea . ?,e have no {'BCC concerning Cervict lire of the Git-

SW~ c40istfc against nitcaalin triaiiie . iVe 540 toe), though, that tte canister
i0u11 to effective against this substance . if you have any further questions or
need for futtner infor94tion cc:sscecnin9 any of these aubatoncee, please do not

nesitate to give tic a call at the above ,umber .

Sincerely ,

alp

itncloouce

M D. GCWlbetO

Product Line $aneger

Gas Usk$ and Reapiratora
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Report No . : 81-23
TM81-5632
Job No . : A-2991
August 18, 1981

VALIDATION TESTING OF THE

M26A1 GAS MASK CANISTER

BY

CHARLES C . ROBERTS

CONTRACT F09603-C-1716
DI-T-3714A
DI-T-3718A

•

MINE SAFETY APPLIANCES COMPANY
Research and Engineering Divisio n

Pittsburgh , Pennsylvania
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MINE SAFETY APPLIANCES COMPANY
Research and Engineering Divisio n

Pittsburgh , Pennsylvania

VALIDATION TESTING OF THE
M26A1 GAS MASK CANISTER

By

Charles C . Roberts

•
Part 1 . Validation Testing of the M26A1 Gas Mask Canister

1 . Introductio n

This investigation was carried out for the purpose of determining the
effectiveness of the M26A1 Gas Mask Canister for preventing passage of hy-
drazine, monomethyl hydrazine , unsymmetrical dimethyl hydrazine , Aerozine
50, and red fuming nitric acid at less than the Threshold Limit Value
concentration of the propellants . Originally, it was intended to use
specific (colorimetric) tests for measuring leakage of these materials .
This turned out to be impossible because the propellants all undergo chemical
reaction while passing through the canister and the penetrating gases are not
hydrazines, but rather ammonia and/or amines . (The same observation applies
to RFNA ; the penetrating gas is not N02 or HNO3, but nitric oxide, NO . )

This report consists of four parts :

Part 1 . A general discussion of methods and results .
Part 2 . A recommended Acceptance Test for the canister .
Part 3 . A table of test results .
Part 4 . An appendix which discusses some of the analytical methods in

detail .

. The recommended acceptance test procedure tests the canister against
hydrazine, unsymmetrical dimethyl hydrazine ( UDMH ), and red fuming nitric
acid (FRNA), but not against monomethyl hydrazine .

BNA08768308
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2 . Test Result s

2 .1 Original Objectiv e

2 .1 .1 Determine performance of canister against UDMH : end point 0.5
ppm determined by trisodium pentacyanoamino ferroate (TPF) method .

2 .1 .2 Determine performance of canister against hydrazine : end point
0.1 ppm determined by p-dimethylaminobenzaldehyde (PDAB ) method ,

2 .1 .3 Determine performance of canister against methylhydrazine : end
point 0.2 ppm determined by PDAB method .

2 .1 .4 Determine performance against mixture of UDMH and hydrazine : end
points to be determined as above .

2 .1 .5 Determine performance of canister against Red Fuming Nitric Acid
(RFNA ) : end point 3 ppm (as N02) .

2 .2 Description of Caniste r

The contents of the Rocket Propellant Canister M15A1 (MSA Type GMN-SSW)
are from bottom to top :

2 .2 .1 High efficiency filter
2 .2 .2 Soda lime
2 .2 .3 Silica gel
2 .2 .4 indicating Window
2 .2 .5 Activated Carbon

An indicating window is positioned at the silica gel layer. The indicator
is a chromic acid impregnated silica gel which responds to reducing agents
such as l,l dimethyl hydrazine . The canister is recommended for use against
red fuming nitric acid , nitrogen tetroxide , unsymmetrical dimethyl hydrazine,
hydrazine , hydrogen peroxide, and organic vapors such as kerosene , aniline,
and alcohol .

The window indicator applies only to protection afforded against red
fuming ni rgC: Td..ar2c_T urisyrrmetrical dfinethyl hydrazine . Even here, it i s
not effective against RFNA under all conditions . In fact, the window indicator
may be misleading and should not be relied upon except with UDMH !

2 .3 Analytical Methods

The TPF and PDAS methods were calibrated using stock solutions containing
0 .05 ml of the hydrazines per liter . Calibration curves so obtained indicated
adequate sensitivity: 0 .004 ppm (gas) in 10 liters for hydrazine, 0 .16 ppm (gas)
in 10 liters for UDMH and 0 .2 ppm (gas) in 20 liters for MMH . However, these
methods were quite slow (1 to 4 hours for color development) so a faster method,
using the reaction of hydrazines with iodine, was devised .

BNA08768309
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•

The iodine method made use of the reaction 12 hydra ines 21 7

The resulting iodide was analyzed by means of an iodide selective-ion
electrode using the known addition method of analysis . This method was found
to be capable of analyzing hydrazines at the required low level and was not
as time consuming as the colorimetric methods . However, it obviously cannot
distinguish between various hydrazines .

For a given volume of gas, the iodine method was generally more sensitive
than the color methods ; it is capable of detecting concentrations of 0 .03 -
0 .06 ppm in a 10 liter sample .

2 .4 Analytical Results

Neither the iodine method nor the colorimetric methods could detect any
trace of hydrazines in the effluent gas from canisters during gas testing . No
hydrazines were detected even long after some unknown gas had broken through
the canister as shown by smell, window indication , instrumental detection, or

acid-base indicator papers . It appears that the hydrazines underg o
reactions in the canister and some other gas or gases appear in the canister effluent .

For example , with hydrazine (N2H4 ) itself, the canister becomes warm at
the bottom , in the . soda lime layer, and the window never changes . Apparently

some reaction such as N2H4 , 0 N2 + 2H20 and /or 3N2H4 -5 N2 + 4NH3
occurs in the soda lime layer . These reactions indicate that the penetrating
gas may well be ammonia and would explain the lack of window indication .

2 .5 Instrumental End Point Detection

Because the penetrating gases are not hydrazines , it was determined tha t
a general instrumental detection system to detect various compounds containing
nitrogen might be more appropriate for end point detection during hydrazine
tests . It was found that a photoionization gas analyzer is adequate . This

device is sensitive to hydrazines and also to many of the possible reaction
products produced within the canister , primarily amines and ammonia .

In running a given gas test, the procedure was to calibrate the instrument
against the appropriate hydrazine and then to assume that the penetrating gas
was the same as the challenge gas .

In practical terms this means running the instrument at its highest

sensitivity and then taking any response (a few scale divisions ) as the end

point of the test .

This is a reasonably "fail-safe" approach in that the effluent gases, in

general, are much less toxic than hydrazines ; therefore , the instrument end

point is reached well before the effluent becomes hazardous .

BNA0876831 0
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This appraoch was successful with hydrazine and 1,1 dimethyl hydrazine ;
however, with monomethyl hydrazine it gives somewhat misleading results, as
will be discussed below.

2 .6 Test Results

Test results for unsymmetrical dimethyl hydrazine , hydrazine , hydrazine
plus dimethyl hydrazine . monomethyl hydrazine, and red fuming nitric acid are
shown in Table 1, part 3 .

The service times in all of these tests are adequate,ranging from 17 min-

utes (UDMH, at 2% concentration ) to 180 minutes, (hydrazine , equilibrated at
85% RH and tested at 0 .5% concentration) . The canister is capable of scrubbing
all of these contaminants from an air stream at fairly high concentrations
for a reasonable period of time . Results of these various tests are discussed

in some detail below .

2 .6 .1 UDMH : No UDMH was found in the canister effluent by either the
calorimetric TPF) or iodine method, even at twice the canister ' s service time

• (as indicated instrumentally ) . The canister does not become hot at the sod a
lime layer ; it appears that the silica gel (and carbon ) layers adsorb the
UDMH . The lack of UDMH in the effluent may be explained by some reaction such
as : 3H2NN ( CH3)2 -} N2 + 2NH3 + 2 (CH3) 3N and/or 3H2NN (CH3)2---1y N2 + 2CH3NH2 +
2(CH3)2NH, the net result being ammonia plus an amine . The likely penetrating
gas in this case would be ammonia ; the amines would be adsorbed on the carbon
more effectively than the ammonia .

The window indication is quite distinct with UDMH and occurs when the
canister is about 40-60% expended .

2 .6 .2 drazine

The canister ' s service time against hydrazine is greater than 100 minutes
at 0 .50% concentration and 32 lpm . However , there is no window change during
the course of the test .

The warm zone in the canister is in the soda -lime layer rather than the
silica gel layer as one might expect . Some reaction such as : N2H4 04. N2 + H2O
and/or 3N2H4 --> N2 + 4NH3 apparently occurs in the soda lime layer ; `thus, no
hydrazine gets to the window indicator and no color change occurs . From the
above equations it would appear that the penetrating gas is ammonia .

2 .6 .3 UDMH + Hydrazine

• Mixed tests were run with 1 .0% UDMH and 0 . 5% hydrazine . With this mix-

ture the canister performed as if it were tested against 1 .5% UDMH. (With 2%

UDMH, the canister lasted about 20 minutes ; with 1% UDMH, one would expect about

40 minutes . With the mixture , the canister lasted about 30 minutes .) The
window indicator performed adequately showing distinct indication at about 50 -

70% of the service time .

BNA0876831 1
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In the event of a spill of a 50-50 mixture of UDMH and hydrazine one
would expect the UDMH vapor to be present at a concentration of about 10
times that of the hydrazine . (UDMH vapor pressure at 25 °C -157 . 3 mm Hg,
hydrazine vapor pressure at 25°C - 14 .2 mm Hg .) Therefore , the service time
of the canister would be determined mostly by the UDMH vapor, the window
would give adequate warning, and the canister would be suitable for such ser-
vice .

2 .6.4 Monomethyl HYdraiine'(MMH )

S

•

The photoionization detection system was not completely satisfactory when
used in MMH testing . A number of spurious " breaks" were recorded before the
"real" break occurred . In Table 1 the number in parentheses are the initial
break times . On further investigation it was found that ;

A . An immediate large signal was recorded from the beginning of the
test by a Total Hydrocarbons Analyzer .

B . Gas chromatographic analysis showed large quantities ( 44000 ppm) of
methane from the beginning of the test .

C . After 30 - 40 minutes testing, a gas chromatograph peak appeared which
could be identified as methyl alcohol . (A third GC peak was present
from early in the test , but it was not identified . )

These results indicate that two reactions occurring in the canister (at
the soda lime Gayer, which gets warm) are CH3 NH NH2 CH4 + N2 + H2O and
CH3. NH NH2 N2 + CH3OH + H20 .

The first reaction is apparent from the very beginning of the test ; the
second one shows up after about one half hour .

At about 40 minutes, the photoionization detector shows a strong,
sharply rising signal . This is the true end point of the test . Both the GC
methyl alcohol peak and the Total Hydrocarbons analyzer also show some increase
beginning at 40 minutes . This break is probably methyl alcohol plus ammonia
penetrating the canister : 3 CH3 NH NH2 --+ N2 + NH3 + 3CH3 NH2 and/o r
3CH3 NH NH2 -4 N2 + 3NH3 + (CH3)3N .

The window shows a reasonable correlation with the final break ( 40% - 70%
indication) ; however , it ts-very late with respectto . the-ftrst'instrumental
indication .

2 .6 .5 Red Fuming Nitric Aci d

The service time of the canister against Red Fuming Nitric Acid (RFNA )

at 1% concentration and 25 lpm is about 50 minutes in the as-received condition .

This drops to 20-30 minutes upon equilibration at 85 % RH and 25% RH . With
the as- received cans the window indication was apparent at about 70% of the
service time .

BNA0876831 2
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The equilibrated canisters showed no apparent window indication . This
may be because the service time was relatively short (20-30 minutes) . If
this were the case, it is not a very hazardous situation because the breaking
gas, NO . has a relatively high TLV (25 ppm ) . This, of course, assumes that
the window does change not too long after NO leakage begins .

2 .6 .7 Summary

2 .6 .7 .1 The hydrazines a re quite unstable ; therefore , the gases pene-
trating the canister are not hydrazines , but rather various reaction products
of hydrazines such as ammonia, amines, methane, methyl alcohol , etc . As far
as use of the canister is conce rned , this is not an undesirable situation
because the reaction products are much less toxic than the hydrazines .

2 .6 .7 .2 The service time of the canister is adequate ; for concentrations
in the 0 .5-2 . 0% range it should provide protection for at least 20-30 minutes .
The penetrating gas is usually ammonia, which can be readily detect" by odor .

. 2.6.7 .3 The window indicator is adequate for indicating app roaching
canister exhaustion for 1,1 dimethyl hydrazine , 1,1 dimethyl hydrazine + hy-
drazine (at least under the expected conditions where such a mixture might
occur), monomethyl hydrazine , and RFNA in the as-received condition . The
window shows no indication with hydrazine alone and its behavior in equilibrated
RFNA tests is questionable .

Part 2 . Acceptance Test P rocedures

3 . Suggested Acceptance Test for Rocket Fuel Caniste r

It is recommended that the Acceptance Test Procedure for the canister
use hydrazine , UDMH and RFNA . The hydrazine will test the soda lime layer to
see that it is performing p roperly, while the UDMH will challenge the silica
gel and carbon layers . RFNA , being a completely different chemical species,
must be tested separately . Monomethyl hydrazine should not be used as an
acceptance test gas because of its odd response , due to decomposition pro-
ducts,

n
photoionization hydrazine

and UDMH, i t
Further ,

will work
canister
agains t performs satisfactorilya5a Yd MMH.

3.1 Objective

3 .1 .1 To ensure that the canister will provide protection when used
against hydrazines and red fuming nitric acid .

. 3.2 1,1 dimethyl hydrazine (UDMH )

3.2 .1 Description of Test

BNA0876831 3
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3.2 .1 .1 The canister is tested against 2% UDMH at 32 lpm to an end point
corresponding to a leakage of 0 .5 ppm UDMH .

3.2 .2 End Point Detection

.3.2 .2 .1 An HNU Continuous Gas Monitor (a photoionization Instrument)

is used at maximum sensitivity for and point determination .

3 .2 .2 .2 Calibration of photoionization instrument .

3 .2 .2 .2 .1 Material s

3 .2 .2 .2 .1 .1 75 liter gas bag .

3 .2 .2 .2 .1 .2 10 cc gas syringe

3 .2 .2 .2 .1 .3 Trisodium oentacyanoamino ferrate (TPF color reagent),

0 .1% solution in deionized water .

• 3.2 .2 .2 .1 .4 Buffer solution, Ph 5 .4 ; 5 .65 g disodium acid phosphate
(Na2 HP04 7H20) and 1 .92 g citric acid dissolved in 2 liters deionized water.

3.2 .2 .2 .1 .5 UDMH standard solution : 0.05 ml (0 .0393 g) dissolved i n

1 liter deionized water . Contains 39 .3 mg UDMH/ml .

3.2 .2 .2 .1 .6 Plastic ,bubblers

3.2 .2 .2 .1 .7 Test tubes ('.35 ml capacity)

3.2 .2 .2 .1 .8 Spectrophotometer with cuvettes .

3 .2 .2 .2 .1 .9 Pump and flow meter for 1 lpm flow .

3 .2 .2 .2 .1 .10 UDMH

3 .2 .2 .2 .2 Procedure

3 .2 .2 .2 .2 .1 Make a bag mix of about 10 ppm UDMH ; about 4 cc saturated

UDMH vapor in 75 liters air .

3.2 .2 .2 .2 .2 Determine instrument response to bag mix . Should be on the

Xl0 scale .

3.2 .2 .2 .2 .3 Analyze ban mix by TPF method .

0 3.2.2 .2 .2 .3 .1 Prepare standard solution : 2, 4, 6, and 8 ml of UDMH

standard solution made up to 20 ml with buffer solution .

3 .2 .2 .2 .2 .3 .2 Collect gas sample : 10 liter samples pulled through plastic

bubblers containing 20 ml buffer solution .

BNA0876831 4
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3 .2 .2 .2 .2 .3 .3 10 ml of each of the standards and 10 ml of solution from
the gas bubblers are then treated with 1 ml of TPF reagent . The samples are
allowed to stand-for 1 hour, then are 'read on the spectrophotometer at 500 mu .
A plot of A vs . pg UDMH is constructed from the standards data ; the amount of
UDMH in the gas sample is read from the st andard curve and the gas concentration
is calculated from C (ppm, gas )= jig

the
where d is the gas volume ( liter) .

X2.45
3 .2 .2,3 Calculations

From 3 .2 , 2,2 .2 .2 and 3 . 2 .2 .2 .2 .3 .3, obtain the gas concentration and the
number of divisions obtained on the photoionization instrument . Then response

= scale divisions . For example , 12 ppm and 120 divisions ( 12 on X10 scale) a re

ppm
obtained and response = 120 div = 10 div/ppm . As the desired end point is

12 ppm
0.5 ppm, the instrument end point is 0 .5 ppm x 10 div = 5 divisions .

ppm

Is

3.2 .2 Gas Test

3 .2 .3 .1 Test System

(Block diagram shown in Figu re 1) .

3 .2 .3 .1 .1 The test system is a conventional gas test apparatus . The UDMH

is supplied by bubbling nit rogen through UDMH .

0

3 .2 .3 .1 .2 Components

3 .2 .3 .1. . 2,1 Compressed air supply

3 .2 .3 .1 .2 . 2 Compressed air filter

3 .2 .3 .1 .2 .3 Humidifier

3 .2 .3 .1 .2 . 4 Humidity sensor

3 .2 .3 .1 .2 .5 Nitrogen supply

3 .2 .3 .1 .2 . 5 Flow meter (nitrogen)

3 .2 .3 .1 .2 .6 UDMH bubbler (o, 4 liter bottle)

3 .2 .3 .1 .2 .7 Test fixture for holding canister

3 .2 .3 .1 . 2 .8 Flow meter (canister flow)

BNA0876831 5
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3 .2 .3 .1 .2 . 9 Leak detection system ( see 2 .2) .

3 .2 .3 .1 .2 . 10 Balance, 2 .kg capacity capable of weighing to 0 .1 g .

3 .2 .3 .1 .3 gyration

The UDMH concentration is calculated from the weight loss of the UDMH bubbler
( for a concentration of 2% at 32 lpm,the weight loss is 1 .57 g/min .) .

3 .2 .3 .1 .3 . 2 The air flow and nitrogen flow are adjusted to give a) 32 lpm
measured with the canister flow meter and b ) 2 .0% UDMH as measured by the
bubbler weight loss .

3 .2 .3 .1 .3 .2 The nitrogen flow should be about 2 lpm .

3 .2 .3 .1 .3 .3 The test is run on an as-received canister at 50% RH .

0

•

3 .2 .3 .1 .3 . 4 The test is run to an indicated leakage of 0 .5 ppm UDMH as
described in 3 .2 .2 .

3 .2 .3 .2 Required Performance

3 .2 .3.2 . 1 The service time to an indicated leakage of 0 .5 ppm UDMH shall
be no less than 10 minutes .

3 .2 .3.2 . 2 If a windowcator is used, it shall show definite evidence of
change at 30-80% of the service time .

3 .3 Hydrazine

3 .3 .1 Description of Tes t

3.3 .1 .1 The canister is tested against 0 .5% hydrazine to an end point
corresponding to a leakage of 0 .1 ppm hydrazine .

3 .3 .2 End Point Detectio n

3 .3 .2 .1 An HNU Continuous Gas Monitor (a photoionization instrument) is
used at maximum sensitivity for end point determination .

3 .3 .2 .2 Calibration of photoionization instrument .

3 .3 .2 .2 .1 Material s

3 .3 .2 .2 .1 .1 75 liter gas bag .

3 .3.2 .2 .1 .2 10 cc gas syring e

3 .3.2 .2 .1 .3 p-dimethylamino benzaldehyde (DMBA color reagent), 2 .5% so-
lution in methanol .

BNA0876831 6
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3 .3 .2 .2 .1 .4 Glacial acetic aci d

3 .3 .2 .2 .1 . 5 Hydrazine standard solution : 0 .05 ml dissolved In 1 liter-:deionized .
water . Contains 0 .050 mg hydrazine per ml .

3 .3.2 .2 .1 .6 Plastic bubblers .

3 .3.2 .2 . 1 .7 Test tubes (.u 35 ml capacity) .

3 .3 .2 .2 .1 .8 Spectrophotometer with cuvettes .

3 .3 .2 .2 . 1 .9 Pump and flow meter for 1 lpm flow .

3 .3 .2 .2 . 1 .10 Hydrazine (anhydrous) .

3 .3 .2 .2 . 2 Procedure

3 .3 .2 .2 . 2 .1 Make a bag mix of 1 -2 ppm hydrazine : 10 cc saturated vapor
• in a 75 liter bag .

3 .3 .2 .2 . 2 .2 Determine instrument response to bag mix .

•

3 .3 .2 .2 . 2 .3 Analyze bag mix by DMSA method .

3,3 .2 .2 . 2 .3 .1 Prepare standard solutions : 0 .05, 0 .10, 0 . 20, and 0 .40 ml

of hydrazine standard made up to 20 ml with deionized water .

3 .3 .2 .2 . 2 .3 .2 Collect gas sample : 10 liter sample pulled through plastic

bubbler containing 20 ml deionized water .

3 .3 .2 .2 .2 .3 .3 10 ml of each of the standard and 10 ml of solution from the

gas bubbler are then treated with 10 ml of DMRA solution . The samples are
allowed to stand for four hours and are then treated with 10 ml glacial acetic

acid . The samples are then allowed to stand for 15-20 minutes and are the n

read on the spectrophotometer at 480 mp . A plot of A vs . ug of hydrazine is

then constructed from the standards data ; the amount of hydrazine in the gas
sample is read from the calibration curve and the gas concentration is calculated

from C(ppm , gas) = drazine), where V is the gas volume ( liters) .

3 .3 .2 .2 .3 Calculations

From 3 .3 .2 .2 .2 .2 and 3 .3 .2 .2 .2 .3 .3, obtain the gas concentration and the

number of divisions obtained on the,photoionization i nstrument . Then response

scale divisions . For example , 40 divisions and 1 .4 ppm are obtained so re-

ppm

sponse = 40 div = 29 div/ppm . As the desired end point is 0 . 1 ppm, the in-

1 .4 ppm
strument end point is 0.1 ppm x 29 div or about 3 divisions .

Ppm

BNA0876831 7
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3 .3 .3 Gas Test

3 .3 .3 .1 Test System

( Block diagram shown in Figure 2) .

3 .3 .3 .1 . 1 The test system is a conventional gas test apparatus . The hy-
drazine is supplied by bubbling a portion of the main air flow through hydrazine .

3 .3 .3 .1 . 2

3 .3 .3 .1 .2 . 1

3 .3 .3 .1 .2 .2

Components

Compressed air supply .

Compressed air filter .

3 .3 .3 .1 .2 .3 Humidifier .

3 .3 .3.1 .2 .4 Humidity sensor .

0

3 .3 .3 .1 .2 .5 Hydrazine bubbler (ti4 liter bottle )

3 .3 .3 .1 .2 .6 Test fixture for holding canister .

3 .3 .3 .1 .2 .7 Flow meter

3 .3 .3 .1 .2 .8 Leak detection syste m

3 .3 .3 .1 . 2 .9 Balance , 2 .kg capacity capable of weighing to 0 .1 g .

3 .3 .3 .1 .3 Operation

3 .3 .3 .1 .3 .1 The hydrazine concentration is calculated from the weigh t
loss of the hydrazine bubbler (for a concentration of 0 .5% at 32 lpm, the weight
loss is 0 . 21 g/min .) .

3 .3 .3 .1 .3 . 2 The air flow and by-pass flow are adjusted to give a) 32 lpm
total flow and b ) 0 .5% hydrazine as measured by the bubbler weight loss .

3 .3 .3 .1,3.3 The test is run on an as-received canister ; the humidity i s
essentially that of compressor air (no water added) .

3 .3 .3 .1 .3 .4 The test is run to an indicated leakage of 0 .1 ppm hydrazine

as described in 3 .3.2 .

3 .3.3 .2 Required Performance

3 .3 .3 .2 . 1 The service time to an indicated leakage of 0 .1 ppm hydrazine
shall be no less than 75 minutes .

BNA0876831 8
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3 .4 Red Fuming Nitric Acid (RFNA)

3 .4 .1 Description of Tes t

3.4 .1 .1 The canister is tested against RFNA at a concentration of 1 .0%
(as HN03) at 32 lpm, to a leakage of 0 .30 ppm (as NO2) .

3 .4 .2 End 'Point Detection

3.4 .2 .1 A wet chemical method, sensitive to oxides of nitrogen (NO and N02)
with KI-starch as the detection medium is used .

3 .4 .2 .2 Description

1/2 liter per minute of the effluent is directed through three bubblers in

series ; 1) a bubbler containing 30 nil concentrated sulfuric acid ; 2) a
bubbler containing 30 ml potassium permanganate ; and 3 ) a bubbler containing
25 ml 10% potassium iodide solution plus 5 ml 0 .1% starch solution . A change

. of the starch-iodide bubbler to bluish-brown within 5 minutes constitutes the

end of the test .

3 .4 .2 .3 Calculation of sensitivity of the method

3 .4 .2 .3 .1 Assumption s

3 .4 .2 .3 .1 . 1 The gas penetrating the canister is NO .

3 .4 .2 .3.1 .2 The sensitivity of starch- iodide solution is 10-6N .

3 .4 .2 .3 . 1 .3 The reactions involved are : 5NO + 2KMnO4 + 3H2SO4 -4 5N02 +
2MnS04 + K2SO4 + 3Hp0 and N02 + 2HI --'~ 12 + H20+ N0 . From these it appears
that 1 equivalent of NO produces 1 equivalent of iodine .

3 .4 .2 .3 . 2 Calculations

3 .4 .2 .3 . 2 .1 Equivalents required for bubbler change = 0 .03 liter x 10"6
10-6 equ/liter = 3 x 10- 8 equivalents , Volume of NO required : V n NRT =

P

3 x 10-8 x 24 .5 = 7 .35 x 10-7 liters . This amount of NO is contained in a
1

2 .5 liter sample of air . Therefore, conc . = 7 .35 x 10'7 liter NO =

2 .94 x 10-7 liter (NO)/liter (air) 0 .3 ppm .
2 . 5 liter air

• 3.4.3 Gas Test *

3 .4 .3 .1 Test System

(Block diagram shown in Figure 3) .

BNA0876831 9
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3 .4 .3 .1 .1 The test system is a conventional gas test apparatus . The RFNA
is supplied via a heated vaporizer .

3 .4 .3 .1 .2 Components .

3 .4 .3 .1 .2 .1 Compressed air supply,

3 .4 .3 .1,2 .2 Compressed air filter .

3 .4 .3 .1 .2 .3 Humidifier .

3 .4 .3,1 .2 .3 Humidity sensor

3 .4 .3.1 .2 .4 Vaporizer

3 .4 .3.1 .2 .5 RFNA pump .

3 .4 .3 .1 .2 .6 RFNA supply .

• 3.4.3 .1 .2 .7 Test fixture (for canister) .

3 .4.3 .1 .2 .8 Flow meter (canister flow) .

3 .4.3 .1 .2 .9 Leak detection (see 3 .2) .

*The current test is conducted at 25 1pm, intermittent flow . It is sug-

gested that this be changed to 32 lpm, constant flow .

3 .4 .3 .1 .3 Operation

3 .4 .3.1 .3 .1 Required RFNA flow is calculated from the density and com-
position of the liquid RFNA .

3 .4 .3 .1 .3 .2 Air flow is 32 lpm .

3 :4 .3.1 .3 .2 The test is run on an as-received canister at 10% RH .

3,4 .3.1 .3.2 The test is run to an indicated leakage of 0 .3 ppm as de-
scribed in 3 .4.2 .

3 .4 .3 .2 Required Performanc e

3 .4 .3 .2 .1 The service time to an indicated leakage of 0 .3 ppm ( as N02)

shall he at least 10 minutes .

3 .4 .3 .2 .2 If a window indicator is used, it shall show definite evidence
of change at 60-80% of the service time .

BNA08768320
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Part 3 . Test Results

Table 1 . Various test results on Type GMN -SSW canister .

AR : as-receive d
equ . 85% : equilibrated for 6 hours at 64 lpm and 85% RH .
equ . 25% : equilibrated for 6 hours at 64 1pm and 25% RH .
Test RH : 50%*
End point : First indication with HNU Photoionization Continuous Gas
analyzer .

*Except for hydrazine ; see 3.3 .3 .1 .3 .3 .

UDMH : 2%, 32 lpm

Service Time Window Indication

• AR. 17 min.

AR 22 min .

equ . 85% 22 min .

equ. 85% 27 min .

equ . 25% 22 min .

equ. 25% 19 min .

H: 0 .5%, 32 1pm

time %

8 min . 47
13 min . 59

7 min . 32
11 min . 41

10 min . 45
9 min . 47

Service Time Window Indication

AR 107 min. no window change
AR 131 min. no window change

equ . 25% 95 min , no window change

equ. 25% - 114 min . no window change

equ . 85% 170 min . no window change

equ. 85% 180 min . no window change

BNA08768321
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H + UDMH (0. 5% + 1 .0%)

Service Time Window Indication
time

AR 24 min . 18 min . 7 5
AR 30 min . 19 min . 63

25% equ . 29 min . 18 min . 62
25% equ . 25 min . 13 min . 52

85% equ . 39 min . 12 min, 31
85% equ . 31 min . 15 min . 48

MMH : 1 . 0% 32 fpm

Service Time Window Indication
time %

•
AR . . 35- 40 min . ( 7 min .) 20 min . 57
AR 40 min .. ( 8 min .) 30 min . 75

25% equ . 40-45 min . (9 min .) 20 min . 50
25% equ . 40-45 min . ( 8 min .) 20 min . 50

85% equ . 40-45 min . ( 6 min . 15 min . 38
85% equ . 40-45 min . ( 3 min . 17 min . 42

RFNA : 1%, 25 fpm

Service Tim e

AR
AR

54 min .
46 min .

equ. 25% 32 min.
equ . 25% 27.5 min .

equ . 85% 23 min .

equ. 85% 20 min .

0

Window Indication

38 min. 70
32 min. 70

no definite change
no definite chang e

no definite change
no definite change

BNA08768322
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Part 4 . Appendix : Analytical Methods

4 .1 Tri -sodium pentacyanoamino ferroate (TPF), colorimetric analysis for
UDMH .

4 .1 .1 Reference : M . K . Pinkerton, J . M . Lauer, P . Diamond, and A . A .
Tumas ; "A Colorimetric Determination for 1,1 Dimethyl Hydrazine (UDMH) in
Air, Blood and Water", Am . Ind . Hyg . Assoc . J . 24 : 239-44, 1963 .

4 .1 .2 Calibration

Given quantity of stock solution (0 .05 cc UDMH/titer) made up to 20 ml

with buffer solution . 10 ml of resulting solution treated with 1 ml of TPF

solution (0 .1% in deionized water) . Samples allowed to stand one hour and
then are read on the Spectronic 20 at 500 mu . Blank (100% T) made with 10 ml
buffer solution, 1 ml TPF solution .

For example :

• Sample jig UDMH % T A
20 ml

blank --- 100 0
1 ml stock 39 .3 59 .5 0 .22 5

4 ml stock 157 14 . 5 0 .828

A is then plotted vs . ug UOMH to produce the calibration curve . ( See Figure
4 .)

4 .1 .3 Gas Samples

20 cc buffer solution in bubbler ; 1 lpm, time t . Take 10 cc from bubbler
and treat b ve . ug UDMH determined from calibration curve . 1 .0 ppm =
2 .45 u9 UDIti/liter ; therefore: conc . (ppm, gas) u9 UDMH _ For example,

t • 2 .45

10 min . sample at 1 1pm with 20 ug 1IDMH would yield : conc . (ppm, gas) = 20

10 .2 .45
= 0 .81 ppm .

4.2 Dimethylaminobenzaldehyde (OMBA), colorimetric analysis for hydrazine .

0

4 .2 .1 Reference: T . Dambraushas and H . H . Cornish ; "A Modified
Spectrophotometric Method For The Determination of Hydrazine", Am . Ind . Hyg .
Assoc . J . 23 :151-56, 1962 .

BNA08768326
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4 .2 .2 Calibration

Given quantity of stock solution made up to 20 ml with deionized water .
10 ml of resulting solution treated with 10 ml of DMBA solution (2 .5% In
methanol ) . Let stand for four hours then add 10 ml glacial acetic acid . Wait
15-20 minutes then read on the Spectronic 20 at 480 N . Blank (100% T) made
with 10 TO deionized water .

For example :

Sample P9 H %T A
20 m l

Blank, --- 100 0
0.05 ml stock 5 71 0 .149
0.10 ml stock 10 52 0 .284
0.20 ml stock 20 27 0 .569

A is then plotted vs . jig hydrazine to obtain the calibration curve . ( See Fig-
ure 5) .

4 .2 .3 Gas Samples

20 ml deionized water in bubbler ; 1 1pm, time t . Take 10 ml from bubbler
and treat as above, ug hydrazine determined from calibration curve . For
hydrazine : 1 .0 ppm = 1 .31 ug/liter ; therefore : conc . (ppm, gas) = u9 H

t .1 .31
For example :

10 min . sample at 1 lpm with 5 ug hydrazine would yield : conc . (ppm,
gas) 0

1 .3 = 0
.38 ppm .

4 .3 Dimethylaminobenzaldehyde (DMBA), colorimetric analysis for mono-
methyhydrazine .

4 .3 .1 The method is the same as that used for hydrazine except that i t
is less sensitive .

Example :

Sample u9 MMH . %T A
20 ml

Blank ------ 100 0•

1 ml stock 43.3 86 . 0 0 .065
2 ml stock 86 . 6 65 .0 0 .187

4 ml stock 173 35 .5 0 .450
8 ml stock 346 16 .0 0 .796

BNA0876832 7
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4 .3 .2 Gas Sample s

20 ml deionized water in bubbler ; 1 1 pm , time t . Take 10 ml from bubbler
and treat as with hydrazine . ug monomethylhydrazine determined from calibration
curve . (See Figure 6) . For monomethyl hydrazine : 1 .0 ppm m 1 .88 ug/liter .

Therefore , conc . ( ppm, gas ) _ f/liter , For example : 10 minute sample at
t•1 .88

I Ipm with 20 ig MMH would yield : conc . (ppm, gas ) 20 = 1 .06 ppm .

10.1 .

4.4 Iodine Method for Analysis of Hydrazine s

The proceeding colorimetric methods are quite specific, but they are

also slow (1-4 hours for color development) . While running canister gas
tests it is desirable to obtain leakage information while the test is in
progress .

A method was devised which requires only a few minutes . It is not spec-
ific for each hydrazine, being based on the reaction of iodine with hydrazines,

which produces iodide ions : iodine hydrazines ) iodide ions .

Under the conditions employed, the reaction Is not quantitative ; in
terms of iodide ions produced per hydrazine molecule we obtained for

MMH : 31- per molecul e
UDMH : 21- per molecule
H : 2 .7 I- per molecul e

4 .4,1 The procedure was as follows :

To 20 ml of the hydrazine solution add 2 ml,0 .1 N H2SO4 (to repress the

reaction 312 + 60H_--a IO3-+ 5I-') and 2 ml of deionized water saturated with
iodine . The solution is then diluted to 50 ml .

The iodide electrode and reference electrode are placed in the solution .
The meter needle is set tc - on the known addition scale (meter in the log .
anion node) . Then 0 .05 ml of 0 .01 N KI are added, with stirring, and the new
position of the needle is noted .

The concentration of the unknown solution is then given by : concentration =

pC x meter reading, where 6C = 0 .05 x 0 .01 it 1 . X 10-5N . (It is also necessary

50 + 0 .05
to take a blank reading in order to cancel out any other sources of Iodide ion .)

. For example, with U2MH, three samples containing 1 .79 ug UDMH gave read-
ings averaging 2 .5 x 10- ; three blanks averaged 1 .3 x10-6 . Thus, the net

iodide concentration was (2,5 - 1 .3) x 10-6 = 1 .2 x 10-6 NI- . The concentration

BNA08768328
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of UDMH was 1 .79 x 10-6 1 = 5 .96 x 10-7 M ; thus, the ratio of I- ions

60 .1

,

0 . 55

to UDMH molecules is 1 .2 x 10-6 ti 2 I ions per molecue .
5 .96 x 0'

4.2 .2 The sensitivity of the method can be calculated as follows :

1 ppm (g ) = 2 .45 x 10-6 g/liter 4 .07 x 10-8 moles/liter .

10 minute sample, 1 lpm into final volume of 0 .05 liter (solution)
cons = 10 x 4 .07 x 10-8 = 8 . 14 x 10-6 moles UDMH , which would yield 1 .63 x

0.05 liter
10-5 N I - ; therefore , under these sampling conditions ( 10 min ., 1 lpm, 50 ml
final voltrie) . conc . (ppm, gas ) = net conc = C x net scale readin

1 .633 1 .63 x 0-
= 1 x 10-5 x net scale reading, or 0 .613 x net scale reading .

63 x 10-5

The scale is readable from about 0 . 05 to 10, which would correspond to
net leakage concentrations of about 0 .03 ppm to 6 .1 ppm .

•

Similar results were obtained with hydrazine and monomethyl hydrazine .

However, as with the various colorimetric tests , no hydrazines were detected

during canister gas testing .

4 .5 HNU Photoionization Analyzer Calibratio n

The general procedure for calibrating this device was to make a bag mi x
of a few ppm of the appropriate hydrazine, analyze the bag mix colorimetrically,

and use this information to calibrate the instrument .

The results of this approach were (with the instrument at its maximim
sensitivity) : hydrazine : 4 divisions for 0 .1 ppm

monomethyl hydrazine ; 5 divisions for 0 .2 ppm
1,1 dimethyl hydrazine ; 15 divisions for 0,5 ppm

These are not as large a signal as one might desire . However, they dem-
onstrate that the instrument is capable of detecting hydrazines at the TLV

level, (The calorimetric and lodometric results indicate that the penetrating

gases are not hydrazines ; breaks signalled by the photoionization instrument

are probably caused by ammonia, amines , and possibly methane and methanol . )

BNA08768329
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•

•

The following pages outline procedures to be used for pentaborane

(PB) activities in the Propulsion Research Area (PRA) . They are

to be used in conjunction with well instructed personnel and a

suitable description of PB and its problem areas. Temporarily,

until a suitable section of PFA/59/3 (Propellant Field Use Manual)

is written for PB, the Olin Mathieson Chemical Corporation tech-

nical Bulletin LF202, June 1960, will serve for description o f

PB and its problem areas .

Any comments , corrections, additions , etc., should be submitte d

to the authors.
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PART I

PROPDLSION RESEARCH AREA (PRA)

PROCEDURES

•
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A. PERSOMM PRDTDCTION

1. Respiratory (Figure 1)

a, Test lit Area

1. Self-contained Scott Air Paks with pressure

demand feature for test pit area and control

center. (See below.)/or

2 . Self contained Scott Air Pake in conjunction

with manifold extension of A below .

b, Control Center - Air conditioning is turned off at

the start of PB handling and is kept off until PB

hazard is gone . '

1. Fresh Air Inlet Duct . This duct will provide

positive pressure to control 'center; wind direc-

tion-and-velocity indicator is located near

entrance to duct and is monitored in control

center.

If wind direction (Fig . 2 ) is correct, fresh

air inlet duct can be used during p ropellant

transfer, pre- and post-firing inspections ., decon-

taminations , etc. For faxing activities, see

below.

2. Breathing Air Manifold System (Fig . 1 )

•

a. While fresh air inlet duct is operating,

personnel will have Scott Air Pak harness on

and mask over shoulder, but bottle need not

be worn.

BNA08768338
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PROPULSION RESEARCH AREA 9REATHING AIR SYSTEIS
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Figure 1
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be If wind speed or velocity changes adversely

at duct entrance , during transfer, pre- and

post-firing inspection, decontamination, etc .,

mask will be put on and air will be supplied

by manifold and fresh air inlet duct will be

turned off. Duct can be turned on again and

masks taken off at discretion of Responsible

Project Engineer ,

c. During PB tank pressurization end test firings,

personnel will be on manifolded system. Fresh

air inlet duct will be off .

2. Skin

a. General . At start of PB test activities , all personnel

in PRA will change into flame -proof coferalls . All per-

sonnel will wear boots (Tingly Neoprene ) for personal

protection and to mitt lmize taking; arty contamination out

of PRA and home from PFL . A Decon boot bath will be

used to prevent contaminating the PRA control cente r

and workshop . Also , see Part III B .

b . Control Center Clothing (See A .2 .a)

c. Test Pit Operations . While test pit area is in hazard-

ous condition , all personnel are to wear Gra-lite suits

and hood, Neoprene boots, and Gra-lite gloves . A hazardous

condition is to be determined by Responsible Project 'nginevz ,

BNA08768341
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3. Detection

a. (See Photo No . 1222 8/9/60 S1E) The Mitt Mathieson Demon

type boron monitor, a eead-antomatio, continuous boron

detection device of exceptional sensitivity will be used .

This detector is sensitive to temperature changes and to

other propellants . The Responsible Project Engineer is

responsible for seeing that this detector is in proper

working order.

B . DECONTA INATION

1 . Normal

a. Test Hardware , Tools, PB Systems (See Part II)

b . Propulsion Research Area

1 . Survey entire area during loading and both before

and after test firing with Demon Loran monitor

and attempt to determine levels of contamination ,,

2 . Test Pit Area - PRA

a . After PB test activities are over for day

1 . water wash with rainbirds and firex system

2 . Decon wash (3% NH3 solution and deterrent)

(see Section III-D)

3 . water wash

ly . survey area with 1bmon borane monitor

BNA08768342
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3. Control Center and Shop

as After PB test activities are over for day

1 . survey with Demon boron monitor

2. blow out with fresh air duct or air

conditioner.

co Personnel (See section III-8)

d. PB Spills

1. If spilled PB does not ignite, it will be ignited with a flare

and allowed to burn. Adjacent areas will be pro-

tected with Firex systems.

2. Decontamination of area will proceed as in Part B .l .-b. 2

0

C. TEST OPERATION PROCEDURES, GM.ERAL PLAN TOO

1 . PRA - TOO - PFL Relations

a. Brief description of Test Operations Control Center (TOO)

1. PRA test activity with special propellants such as PB

is monitored by the PFL Test Operation Control Center

(TOO) . The TOC car. be reached by the yellow phone in

the PRA Control Center , and on Ext. 5600 on the regular

phone system . Briefly, the functions of TOC are as

follows t

a. Act as a central schedule recording agency for all

large engine test activities and all special p ropel-

lant test activities at PFL, including Components

and Research .

b. Provide a central conn:unications service for trans-

mittal of run statuc information to Inrust-^ial Sec-

urity and other. _. rtE ->'.,t A denar-nert.s .

BNA08768343
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co Maintain a display of PYL which reflects the instan-

ta~eous status of all teat activities *

d. Control visitors' tours of the test areas .

e. Provide meteorological control for testing with

special propellants.

f. Determine amount of special propellants to be used

in test areas and control test activities on the

basis of meteorolo4cal conditions .

b. For weekend and evening operations, virtually all of Area I

will be closed as well as PRA. TUC will determine such

closure in conjunction with PRA engineers .

c. Securing PRA for PB activities other than. weekend

1 . Check with TOC by 9s30 AM of the test day about wind

conditions for the day.

2. Notify TOC 3p minutes prior to the test or propellant

transfer operation and get permition to proceed . TOC

will advise if a roadblock is required and what areas

will be evacuated.

3. Notify PRA by public address with a suitably worded

announcement that the test or transfer is 15 minutes

away from being accomplished .

L. P:otify the following activities at 15 ninutes before

a test or transfer that a test or transfer (indicate

which) is about to be made and to evacuate the area.

Receive confirmation .

BNA08768344
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TOC . . . . . . . . . . Ye11ow Phone

# NAKA . . . . . . . . . . . Ext. 5307

PEROXIDE . . . . . . . . . Ext. 5306

* TUN)''FL . . . . . . . . . . Ext. 5305

* CHEM .

~/ t

a

f

FR.

L

A B. Extt. 5341-5362

L •ALLE • . . . . . . Fat a

r~

12

FURS. DUMP • . . . . . . . Ext. 5050

•

0

These activities can be warned and a confirmation

received by the overall Research Area paging

system (All Call) .

Activities not listed here will be notified and given

instructions by TOC,

visual indicators frcn red to yellow ,

10 . Notify TOO and rr''=:n;: _res th. .r .t <-?r. _ . ,

5. Give a suitable worded public address announce-

ment and blow i3 - one-second siren blasts a t

3 minutes prior to the test. Raise the red flag

and turn on the FRA red lights ,

6. At 20 seconds , blow sin ten-second siren.

To Time : ZERO - FIRE.

8, After venting, TOO, in conjunction with project

engineer, will determine when. specific activities

outside of PRA can be resumed ,

9, PRA will be cleared, when project en gineer deter-

mines area is not contaminated, by a series of horn

blasts, paging system announcement, and cbangin ; ;

BNA08768345
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2. PRA - Restricted Area s

PRA rectrioted areas will be postedt

a. Contaminated area

While test pit area and test stand is contaminated,

as determined by responsible area engineer, all

PRA is restricted to authorised "teat personnel"

and emergency personnel only .

be After Decontamination

Restricted areas, as posted, will be limited to those

people specifically authorised by Group 591-361

Group Scientist or designee . ran stand personnel

will wear protective clothing as required by respon-

sible project engineer for test stand operation.

c. Overnidut and weekend restricted areas (see Section III-F) .

3. Canmunications

The following co .munication systems are available for the

Nan stand PB tests.

a . TOO phone (yellow) - This phone can be spoken into

from Scott Air Fake through Voicecaster.

be Regular telephone (black) same as TUC phone for Scott

Air Face .

c. Roadblock phone (black) same as TOC phone for Scott

Air Paks.

d. Local pit phone system

e . Local PRA paging system, same as TOC phone .

f. Overall Research paging system (All Call) same as TOC phone .

BNA08768346
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4. Public Address Announcements

It is suggested that the annou ncer take time to write the

announomert ' eAd read it carefully over the PA system,

8speat each announcement twice. It is essent ial that

aanocnQSMj#s are alear and that all areas ars oontinual~y

kept interned of all test activity if it deviates from that

which has previously been announced.

The 15 minute east should be repeated twice and

state that the test or transfer is 15 mi nutes away.

Following is a suggested minute announcement s

Test Fes: Your attention please

•
There will be a firing (or sequence of firings) on

Nan stand in test pit one . Please clear the test

pit area. The propellants will be pentaborane

and hydrazine .

Papeat Be Clear I Keep All Areas Informed !

Then Blow 3-14imite Sirenst

D. 34Z11ENCIES

1. Working Hours

In case of suspected exposure to toxic boron compounds, call

Ext. 5333 for rescue crew and, if available ' nurse . Give

the following on-the-spot treatment .

a, Eye Contact - flush with water

b, Skin Contact - flush with water , Burned clothing to be

removed by both fire depa.•tment and PRA pis :-.or,nel.,

BNA0876834 7
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c. Inhalation - give o'gen and Call fire department rescue.

2. After Woddas Hours

if adverse symptoms such as visual disturbance, insole

weakness, SnpairMd coordination, drwsiaesa, tremor or

profuse sreattnt arrears . give ovgen and can AOQ(ETDYNS

CONTROL CErrfl

6633 Canoga Avenue , Canoga Fart, California

Diamond 7-5651, Extension 2351

Report Fentaborane Symptoms

•

BNA08768348
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PRA VAN STAND A N D

PENTAB0RANE FLOW SYSTE M

PROCEDURE S

PH OT 00 R A P H S

A N D

DIAGRAMS
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PMOGRAM

1241 - 8/5/60 81G

The 420 gallon, 3,000 psi pentaborans (PH) propefant feed

tank shoving pentaborane shipping cy 2indWs hooked up for

PB transfer operations .

1241 - 8/5/60 Ste

The bottom of the 420 gallon tank showing the main tank shut-

off valve and associated plumbing .

1241 - 8/5/60 SiB

A typical section of the PB flow system showing Sugar Stand

prevalve .

1241 - 8/5/60 SiC

View of the rear of 'fan Stand blast plate shoving 2 " penta-

borane main valve and associated plumbing including micromotor

take off points.

BNA08768350
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1. 109 AID 30K PEN??BOSANE FLOW SYSTEM

Figure 3 illustrates a aabemstic of the pentaborsos flow eystss desig<r d

to aecomodate Wan Stand. For the sake of clarity, na®s of the ot4ea~propel-

lant feed or ignition systems an Van Stand are sham slim tbsy as all

conventionally gas pressurized.

The propellant storage tans inempawates deal bars. diaphragms, deal

vents , and a nitrogen gas purge for flushing the vent lines subsequent

to a test firing . All valves an the pentaborane facility are normally

closed, i.e ., "fail safe ", with the exception of the low pressure burst

diaphragm closure . In the event of failure of the vent valves to relieve

tank pressure , the tank is further pressurized and relieved through the

rupture of the low pressure burst diaphragm. The normally open valve

can then be closed to prevent pentaborane vapors from continually

issuing from the system .

The ends of the vent lines are prevented from being a hazard source

through using a nitrogen flush in the vents and Dealing the vent lines

at the conclusion of the teat day's operations .

Once the shipping cylinders are connected , the filling operation is

remotely handled . Photograph 12h1-8/5/60m31Q shows the pentaborane

shipping cylinders next to the 420 gallon propellant feed tank . The

cylinders are not disconnected after the filling operation but remain

"at the ready " to receive liquid from the run tank if it is desired

to empty the pentaborane system . Not only can the pentaborane b e

BNA08768351
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returned to the shipping cylinders, but it also can be transferred

to a 600 gallon catch tank . This catch tank normally holds a dilute

toluene-pentaborane solution , received during transfer or decontami-

nation operations . Also provided is a steel burn basin which has

been placed in the middle of a 35 , 000 gallon water sump . The burn

basin will be used as required to .dispose of the toluene-pentaborane

solution . In the event of an emergency the total contents of the ran

tank can be disposed of in this manner ,

A liquid return system has been provided to empty the line between the

tank shutoff valve and the main valve at the end of the teat day . Since

the main propellant system consists of 2 and 3 inch pipe , a considerable

quantity of pentaborane is removed from an area of potential danger

created by other nearby stands firings This operation reduces the

potential spill hazards involved in the event the main propellant line

is damaged by an external malfunction.

Toluene is used as the primary diluent and decontaminant , A gas pres-

surized tank has been installed and is capable of delivering toluene to

any section of the propellant system. Not only is toluene used in the

above fashion but it can be used as an inert lead during injector test

operations . Photograph 1241-8/5/60-S1C is a photograph of the main

valve system showing the hydrazine and pentaborane main valves and the

toluene, helium , nitrogen, and water flushes for the main valve complex .

The following procedures are actually used for test operations by well

trained personnel . Because of the very dynamic nature of the PB program,

they may not always be up to date in this manual, but generally, they

will suffice to insure personnel security.

BNA08768352
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B. FENTABORANE FILLING PROCEDURE Pat 420 GALLON RUN TANK

See Figure 3 .

1. Unplug vent lines and open vent closure .

2 . Check PB tank pressure, if more than 20 prig , open emergency

vent and vent tank.

3 . Place 15 psig of helium on helium flush hand loader .

it. Open cylinder flush .

5 . Connect helium pressurizing line to points O1 and 02 .

6 . Open cylinder by-pass .

7 . Connect helium line to points LI and 12 .

8 . Open catch tank valve .

9. Open catch tank vent .

10 . Open #2 disposal . Adjust helium to 25 prig.

U. Open fill #1 .

12 . Close fill #1 and open fill *2 .

13 . Close fill #2 .

14 . Close catch tank vent .

15 . Close cylinder by-pass and cylinder flush .

16 . Close disposal #2 .

17 . Adjust helium pressure to 75 psig .

18 . Open O1 and check pressure in bottle ,

19 . Vent bottle to 75 psig by cylinder vent if necessary .

20. Open L-1 .

21 . Open fill #1 .

BNA08768353
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PENTABORANS ?ILLIM PROCEDURE FOR 1120 GALLON RUN TAR (Cont'd )

22. Open main-fill.

23. Open cylinder flush .

2h. Empty bottle.

25. Close cylinder flush .

26. Close main fill .

27 . Close fill A.

Open G2 and check pressure in bottle #2 .

Vent bottle to 75 psig by cylinder. Vent if necessary.

Open 12.

Open fill #2 .

Open main-fill .

Open cylinder flush .

Close. main fill .

Close fill #2 .

36. Vent bottles to 10 pstg .

37 . Reduce helium pressure to 25 psig .

38. Open and close disposal #2 .

28.

29.

30.

31.

32.

33 .

34.

35 .

BNA08768354
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C . PENTABORA E LIQUID RETURN TO CYLI FROM 420 GALLON RUN TANK

see Figure 3 .

1 . Vent pentaborane tank to 10 paig max .

2.. Check that 01, 02, and L1 and L2 are open .

3, Open main fill .

4 . Open fill #l.

5 . Fill bottle to desired level.

6 . Close fill #1 .

7 . Open fill #2.

Fill bottle to desired level .

8 . Close fill #2 .

9. Close main fill .

10. Close LI, 120 01., and G2 .

BNA08768355
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D. PENTABORAIE CYLIN t DISCOIOMCtION FROM 420 GALLON RUN TANK FILL SYSTEM

see Figure 3 .

1. Set helium to 25 peig .

2 . Check that sufficient toluene in catch tank .

3 . Open catch tank valve and catch tank vent .

h. Open disposal #2.

5 . open 1111 #1.

6 . Open TOL #1.

7 . Floor toluene for 15 seconds .

8 . Close TOL #1.

9o close fill #l .

10. Open fill #2 .

U. Open TOL #2 .

12. Flow for 15 aeeondse

13. Close TOL #2 .

lh . Open cylinder flush and cylinder bypass .

15 . Purge for 15 seconds,

16. Close fill #2 and open fill #1 .

17 . Purge for 15 seconds .

18. Close fill. #1 and cylinder flush and cylinder bypass .

19. Repeat steps 5 through 18 .

20. Close disposal #2 and catch tank valve and catch tank vent .

21 . Reduce helium pressure to 15 psig .

22. Open cylinder bypass and cylinder flush .

23 . Disconnect L1 and L2; cap and plug .

24. Close cylinder bypass .

25 . Disconnect 01 and G2; cap and plug .

26 . Close cylinder flush .

BNA08768356
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E . TRANSFER OF PENTABORANE TO CATCH TANK FRM 1120 GALLON RUN TANK

See Figure 3 ,

1. Ascertain that PB tank pressure is vented to 50 psig or below.

2 . Open catch tank fill ,

3 . Open emergency duap .

11. After emptying tank section , open tank shut-off and dump ,

5 . Open Nan prevalve, close dump and open #3 disposal.

6 . Close #3 disposal and open #4 disposal, then close 1I1 disposal.

7 . Empty toluene tank into catch tank for diluent effect percentage of

Pentaborana of at least no greater than 40% ,

8. Close Ll and L2 .

0
9. Open TOL #1.

10. Open TOL #2.

11. Open fill #l.

12 .
/

Open fill #2 .

13 . Open disposal #2 ,

14. Close valves in Steps 9 through 13.

15 . Refill toluene tank if necessary and repeat Steps 9 through 14 .

S

16. Vent catch tank if necessary during disposal .

BNA08768357
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F. DISPOSAL OF PENTABORAt4E FROM h20 GALLON RUN TAN K INTO SUFIP AND BURNING

See Figure 3.

1. In the event it is desired to dispose of the pentaborene directly

into the sung and burn it, the following procedure should be followed :

a. Transfer 30 gals, of toluene into the sump burn off container by

following steps b through f .

b. Ascertain that L1 and L2 on PB cylinders are closed .

c. Open TOL #1 and TOL #2,

d. Open fill #1 and fill #2 .

e . Open disposal #2 .

f. Open pond valve to water sump .

g. tdwtn approximately 30 gals are delivered to the sump, about

1/2 to 1 inch layer of toluene on the water surface, close

valves opened in steps b through fe

It, Remotely ignite surface of toluene floating on water by actuating

igniter switch on consol, after placing ignitor in the sump .

i. After flame is established, commence disposing of PB in small

quantities as follows: (keep PB tank pressurized to between

10 and 20 paig) .

J . Cycle emergency dump .

k. After completing the emptying of the tank section, close emergency

dump, open tank shutoff and main dump.

1. Open Nan prevalve, close main dump and open #3 disposal .

a. Close #3 disposal and open #4 disposal .

n. Close #4 disposal.
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0, C014PLETE SYSTEM: DECONTAMINATION IF REQUIRED AFTER DISPOSINO OF

PEWABORANE

0

•

The system should be completely filled with toluene and held for a

sufficient period of time (3 to 8 hours) to insure that all PB is

dissolved in toluene and disposed of by burning in the same manner

as above.

The system should then be filled with the 3% NH3 solution and held

for two days. Since considerable hydrogen evolution will occur

allowance must be made for the gas to escape .

The system should then be filled with an alcohol water solution and

held for two more days.

The system can then be washed with water, dried , and monitored with

PB detector .
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Ho DECONTAfNATION QF IIARDWARE , HAND TOOLS, AND EQUIPMEN T

1, Prior to test operations , containers of a decontamination

solution are placed in PB contaminated drum storage area,

The solution for brevity will be referred to as Decon ,

2, After transfer or test firings are completed and tools or

hardware are to be contaminated , the following procedures

should be followed :

a. Prime the PB injector dome with toluene before working

on the motor,

b, Purge PB dome at low purge pressures ,

a . Remove instrumentation and plug the PB injection pressure

line ,

d. Disconnect CTF lines and plug ,

e . Disconnect hydrazine lines and plug,

f, Disconnect PB line and plug ,

g . Remove hardware and place in Decon ,

h. All tools used in the test operation are to be washed with

water and then placed in Decon; then rinse tools with .water

and place in ethyl alcohol .

i . The test area is ready for hoeing down with Decon, See

Part I-B .
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1 . CALIBRATION PROCEDURE FOR PSNTABORANE TANK

1 . Close PB tank valve .

2, Open hand vent.

3. Place calibration pressure on panel at higher value then in

PB tank.

4 . Open calibration hand valve .

5 . Open remote vent and purge for 3 minutes .

6 . Reduce calibration pressure to ZERO .

7 . Commence calibration by closing remote vent and applyin g

pressure from panel .

8 . After calibration pressure reached, open remote vent before

reducing pressure on calibration panel .

9. After calibration completed, close remote vent, calibration

valve and hand vent .

10. Open PB tank valve .

J . PENTABORANE SYSTEM INSPECTIO N

Al]. valves , fittings, flames , etc., on the 10K and 30K pentaborane

flow system will be inspected for pentaborane leakage, both visually

and with the Demon borane monitor weekly . The responsible project

engineer is responsible for setting up a weekly inspection schedule

and for seeing that this system is free from leakage .
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1 . Introduction

All items, such as valves, test hardware , etc ., which have

been used in Pentaborane must be decontaminated at the test

site , packaged in open packages and properly tagged according

to REPm IV-13 prior to shipment to E.L. for service .

REPN IV-13 specifies the general procedures that the test

site and receiving organizations , such as E.L., will follow

when receiving decontaminated items .

9

0
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A. Equipment Laboratory

2 . Special Test Site Decontamination Procedure for Items Used

in Pentaboranee To be Performed by Teat Site Personnel,

The following decontamination procedure will be used for

decontaminating items used in Pentaborane :

a. Disassemble item, if there are several component parts,

in 3% (weight ) ammonium hydroxide plus 3% (weight) deter-

gent solution . Immerse one piece items , Discard all

non-metal parts in suitable contaminated containers for

subsequent destruction *

b. Rinse with water.

a. Immerse in 92 .5% ethyl alcohol.

d. Rinse with water.

e. GN2 dry.

f. Examine with Demon Pentaborane detector .

BNA08768363
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g . Packagd in open container .

h . Tag according to REPM IV-13 .

i . Ship to E .L . E.L . will take suitable precautions

according to REFfl IV..13 and the Pn Safety Department

and subsequently service the items . Items will be

returned to teat site according to REPM IV613 .

# Reference : IOL dated 18 May 1960 to Those Concerned, From

R . K . Hanks , Jr. and N. C . Blum, "Servicing, By

the Eauipment Laboratory (E .L .) of Items Used in

Pentaborane" .
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• PENTABORANE CHECKOUT LIST

ARE A CHECKOUT

Date

A.- SUMP E -SAFETY.

1. Gates
1. Breathing Bottle Bank

2. Drain
(1) 2) (3) (k) (5)- _

B. FIRER SYSTEM (Morning of Test) 2 . Scott Fake

3 Gra-Lite Clothin. g

1. Tank Farm 4 . Cotton Coveralls

2 . Pit #1

3. Catch Tank F.-COMMUNICATION S

4 . Floor Flush

5 . Flame Bucket 1 . Head Phones

6 . Safety Showers 2 . CKT #1

3 . T.V . Camera

C .-DECON SYSTEM

•

G .-MISCELLANEOUS

1. Supply Tank (Gal)_
2 . Pump to Boron Detector

3 . Foot Bath 2 . Air Duct & Block House Vent

4 . Hardware Bathe- 3. TOO

5 . Tool Bath 4 . Fire Dept. Equipaent

D .-PRESSURIZING GAS SUPPLY

1 . Helium Pressure
2 . On PRA Valve from CTL-I

3. Open Pit #1 & #2 Hand Valves
4 . GN2 Pressure

5- CTI,-III GN2 Bottle s

Av-TANK FARM

II - S TA ND CHECKOUT

NPO or
iris OTF

1. Skinner Pressures

2 . Valve Checkout

3 . Micro Switch Lights

4. Pressurize to 50 or IC0# Psig
6 . Statham

6 . Pressure Gauge

Toluene Water

BNA08768365
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TEST PROCEDUR E

A. Pentaborane system valve checkout

Begin assembly of PB main line

Uncap PB vent s

Purge vent lines

Open PB cylinder valve s

Open dump tank fill (catch tank fill valve )

6 . Check valve activation and micro witch indicators

7 . Vent PB tank for zero

8. Open PB shut-off and Pre-valve

9, After 3 minutes pressurize PB tank to 200 psi

10. Check for PB leaks

11. vent PB tank

B . Firing procedure

1. Vent all propellant tanks

2. Check that all purges are off

3. Take preliminary zeros

4. Set PB injector purge loader to 300

5 . Turn on PB transducer purge

6 . Turn on CTF purge

psi

7 . Operate PB & HZ valve purges for 5 seconds simultaneously

8 . Open PB injector purge

9 . Open 'gas sample purge

10 . Open HZ main - 1 second bursts until primed

U. Turn on HZ injector purge for 10 seconds

12 . Turn off PB injector purge when clear

BNA08768366
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13. Pressurize ,PTO aInk.

11k. Pressurize HZ tank .

15. Adjust PB injector purge to 800 pstg.

16. Place breathing air equipment on .

17 . Pressurize PB tank .

18. Out W2O purge.

19. (hit gas sample purge.

20. Out PB transducer purge .

21. Take photocon zeros .

22. Open gas sampling purge .

23. Cycle PB valve purge .

• 24. Cycle PB transducer purge .

25. Open water main .

26 . Start oount-down.

(1) Open PB injector purge .

(2) Open HZ injector purge.

(3)FIRE

BNA08768367
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P O S T F I R I N G P R O C E D U R E

•

•

1. Flame bucket and floor flush

2. Purge VTO line

3. Close water main

!t . Close gas sample purge

5 . Trip injection purge relay

6 . Close HZ injection purge

7 . Open PB transducer purge

8 . Open HZ valve purge

9. Close PB injection purge

10. Open toluene flush

U. Cycle PB valve purge

12 . Cut all purges for zeros

13 . Chart drive

14. If another test is not programmed immediately' run down all

loaders and close pressurizing valves .

15. Vent NTO tank

16. Vent HZ tank

17. Vent water tank

18. Vent PB tank

19. Commence liquid return when test period completed .

BNA08768368
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D. DECONTAW.TNATION SOLUTION SYSTEI4 IN PRA

A 9000 gallon decontamination ("Decon" ) solution (3% ammonia plus

a.l% detergent - lever Bros. DW 300-in water ) storage and use system

is now available in PRA . The solution is pumped from the 9000 gallon

storage tank to the PRA test pit area, Ilan Stand , the pentaborane

propellant feed system area , and the personnel . decontamination facility .

In the test pit area, two rainbirds are mounted and piped to both the

"decon" system and to a fresh water system so the entire teat pit and

tank farm areas can be decontaminated and rinsed remotely from the PRA

control center . Also , Nan Stand has a remote "decon" system similar to

the present firex system so the stand can be decontaminated remotely

from the control center . The Nan Stand firer system will be used to

rinse away the "decon " solution . Also , hose bibs are located at

strategic places throughout the test pit area to facilitate decontami-

nating of tools, hardware , transducers, etc .

BNA08768369
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E . PERSONNEL IlECOtTAPZNATICN II PR A

A shower and change facility is available in PRA for personnel

decontamination at the daily cessation of pentaborans teat activities,

The facility has four rooms , a "hot contaminated" change roan, a

shower room, a "contaminated" change room, and a toilet , The contami-

nated room is only considered contaminated immediately after test

activities and will be decontaminated as soon as is possible after

each test activity.

The following procedures will be followed by all personnel engaged in

pentaborane test activities ; that is, by all personnel who will actually

be in the control center during the pentaborane testing.

1 . At the start of any pentaborane teat activity , personnel will

enter the "not contaminated " change room and change into flame-

proof coveralls and neoprene boots .

2 . They will then proceed to the "contaminated room" and get in

3 .

4.

5.

the Gralite suits, hood, and gloves and proceed to their test

activities .

After the test activities are over for the day , personnel will

wash their Gralites in Decon and water at the entry to the

"contaminated " change room.

Personnel will then hang the Gralites to dry on the racks

provided in the "contaminated " change room.

Neoprene boots will also be washed, and a washer and dryer

are available to wash the flame-proof coveralls .

BNA08768370
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60 Contaminated coveralls which will be soaked overnight in

"Devon" solution can be washed the next day,

7, The "contaminated" change room will be washed down before

leaving for the day ,

8. Personnel will then proceed to the shover room and wash with

green soap ,

9 . After showering , personnel can put on the "street" clothes ,

•

•
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AVO'D `.' PBAL ORDER S
o_M

C. Blum
IMTE2 .0F; ICE CORRESPONDENC E

0En 61.._ PMOHE__ 667 _

SURJE( :T : ._ of . the Pro polsion Research Area (PRA)

Test Pit Area Outside of the'Basic PRA Work Week
DATE 28 October 1960

The basic PRA work week is from 7 :30 A.M. to 4 :00 P . M. Monday through

Friday ' holidays excepted.

In order to protect ary personnel who might wish to work in the PRA

test pit area from the potential hazards of the Pentaborane Storage

and Use system, the following procedures are established for use out-

side .of the basic PRA work week.

1. The PRA test pit area will be chained and posted at all

entry points . The PRA Group 591-361 leadman or his

designee will be responsible to see that this is done

daily and on weekends .

0

2 . Anyone desiring to work in the PRA test pit area must

notify industrial Security, X5485, upon entering and

leaving the test pit area . He must leave the name of

the person who is responsible for the work to be con-

ducted and the total number of personnel involved .

Approved :

G . S . Gill

Group Scientist

Liquid Propulsion

Research

MCB :rs

M. C. Blum
Senior Research Engineer

Liquid Propulsion

Research

cc: Research Supervision W. Colwell 1)/591-361

Maintenance R. Gordon 0/551

Industrial Engineers E . Higgins 0/551

Industrial Security He Weiss D/596-162

Be L.

Fire Dept .
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NA(ETTE PROCED S

I. Area Checkout

A. See attached sheet

II. Pro-run Procedures

1. N2% and CTF Priming Operations

a. Open tank shut-off

b . Open hand valve

a . Open pro-valve (remote )

do Open hand bleed valve and close

e, Close pie valve (remote )

2 . Prima CTF urn

ao Hook up CTF bleed ] ins to #4 Main valve

b. Open Man tank shut-off and pro-valve

a . Open pre valve (remote )

d. Pressurize CTF tank to 50 ps i

e. Open main valve 64 until system is primed

to Close pro-valve (remote )

3. Set gas and liquid purge pressures

a. N2 for CTF - 100 prig

b. He for PB - set after run to 25 prig

a. He for P. - 300 psig

do Pressurize water tank - 100 prig

e . Pressurize toluene tank - 100 prig

BNA08768373
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Nanette Procedures

B. Pentabcrane Operations OR&-LM

Same procedure
as Nan stand

1, Begin assembly of PB main propellant lines

1 2. Uncap PB vents

3. Purge vent lines

4. Open PB . cylinder valves

Make complete stand checkout on PB system

6. Open hand valve #1

7 . Open PB remote pro-valve and then bring personnel inside

8, Vent FB tank for zero

9, Open Van PB shutoff and pro-valve

10. After 3 minutes, pressurize to 200 paig

U. Check for leak s

12 . Vent PB tank . to zero pressure

13. Open catch tank vent, catch tank fill, and Nanette PB remote

dump , in that order to relieve pressure in PB syste m

14 . Close valves opened under #13.

15. Close PB remote pre-valve and then send personnel out to

complete priming

16, Open sight sage gas escape valve ,

17, Open PB remote pre-valve and observe until liquid flows into

eight gage

18 . If liquid does not flow into eight gage ., close PB remote

pre-valve and do the following s

a. Open the catch tank vent , catch tank fill and Nanette PB

remote dump

b. Open the PB remote pre-valvb until liquid flows into

sight gage, then close PB remote pre-valv e

C. Close the catch tank vent , catch tank fill and PB

remote dump

d. Close the eight jage gas escape valve and bring

personnel inside .
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III. Teat Procedures

A. Turn on PC and CTF It purges

B. Open purge aback-out switch (020 and Toluene)

C. Open toluene (PB) flush until liquid is visible

D. Open water (0s) flush until liquid is visible

3. Close purge check-out switch (H2O and toluene)

F. Turn off Pa and CTF tit purge

of Turn on deck and overhead fires until toluene is clear

H. Take pre-zeros

I. Open all pro-valves

J. Pressurize tanks

K. Turn on deck and overhead fires

L. Turn on Pa purge

M. Select engine and turn on CTF on Count of #1

No Start sequence -when CTF is visible

IV. Post-run Decontamination Procedures

1. Cam ence liquid return, capping of vents and Closing
of cylinder valve s

2 . Ascertain that heliun pressure from valve purge is set

at 25 peig

3. Cap up PB main lines after thoroughly flushing with toluene

and then thoroughly purging with helium

4. Ascertain that PB remote pee-valve is Closed, and open hand

valve #2

5 . Open catch tank fill and ilanotte PB remote d=,p

6. Open helium flush

7. Open PB main valves one at a time, Commencing with motor

#5 lead them all on .

Clone PB remote dump

BNA08768375

H DMS POO1794062



Nanette Procedures

9, Vent catch tank. Ascertain that workshop is closed prior

to venting , Close catch vent valve

10. Close hand valve #1

11 . Open eight gage valve

12. Open PB remote dump

13. tihen liquid is purged out of si ght gage, close helium. flush.,

then PB main valves

114 . Vent catch tank

15 . Close all open remote valves

16 . Close all hand valve on Nanette

17 . move all hardware from test stand and imcaerse in decor

18. Actuate firex and tank farm washes and floor flushes for

1 to 2 minutes .

19, Actuate decon system for 30 seconds

20. Repeat step #1 8

21, Examine teat area with Olin Nathieson Demon Boron Detector ,

BNA08768376

H DMS POO1794063



•

APPENDIX A

•

•

0347q/8

Glossary of Terms Related to Propellants
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SUBJECT : Glossary of Terms Related to Propellants Appendix

UNIT: Liquid Propellant Handling A

FIELD : Propellants Page 1 of 5 pages

Ambient

Surrounding - encircling . Thus, ambient temperature or pressure is

the prevailing temperature or pressure surrounding the material or
object in question .

Anhydrous

Free of water .

Atmosphere

A unit of pressure equal to 14 .7 psi at sea level .

Auto-Ignition

The lowest temperature at which a substance in contact with air (or
other oxidizer , if specified) will ignite spontaneously and continue
to support combustion .

Boiling Poin t

• The temperature at which the vapor pressure of a liquid becomes
equal to the pressure of the ambient atmosphere .

Catalyst or Catalytic Agen t

Any substance which, by virtue of its presence, affects the rate of

a chemical reaction, and which may be recovered practically
unchanged at the end of the reaction .

Compatible

Having no undesirable effect with or upon another material under
specified conditions of use .

Corrosive

A material which acts upon another material in such a way as to

destroy or damage it permanently . Example : Acid destruction of the
interior of a pipe or tubing installation .

Critical Pressur e

The existing pressure at the critical temperature .

Critical Temperature

• The highest temperature at which a gas can be liquified withou t

regard to the pressure applied .

0347q/9
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Cryogenic

A liquid whose boiling point is at or below that of liquid oxygen .

Ductile

Synonym - pliant of flexible . In rocket usage, we are concerned
with a material's ability to remain pliant or flexible at cryogenic

temperatures .

Flammable

Combustible . A material which can be ignited .

Flammable (or explosive) Limits, Upper and Lowe r

Limits established by the richest and leanest mixtures of flammable

gas and air that will support flame propagation upon ignition . They

are expressed in terms of percentages of gas or vapor in air by
volume (e .g ., the explosive limits of gasoline are 6% to 1%, and

mixtures beyond these limits are too rich or too lean, respectively,

to support flame propagation) .

Flash Point

The minimum temperature at which the surface of a liquid may be
momentarily ignited by an open flame .

Freezing Point

The temperature at which a material changes from a liquid state to a
solid state . The freezing point is slightly dependent upon pressure .

Fuel

Any flammable chemical which can burn with an oxidizer .

Hygroscopic

Capable of absorbing moisture from the air .

Hypergolic

A term applied to described self=ignition of a fuel and oxidizer
upon contact with each other .

Impervious

Pertaining to clothing which is impenetrable by a chemical .

i
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Inert

Incapable of producing an effect . In rocket usage, a material which

will not burn or support combustion .

Inhibit

To check or retard a chemical action .

Liquid Propellant

A chemical in liquid form used as a fuel, oxidizer, or

monopropellant to provide the combustion necessary for the

production of thrust by a rocket engine .

Liquid to Gas Rati o

A comparison of the volume of the liquid state of a material at its

boiling point to the volume of its gaseous state at standard

temperature and pressure ( 59°F and 14 .7 psia) .

. Example: 1 cubic foot of liquid oxygen , at its boiling point, will

evaporate into 862 cubic feet of gaseous oxygen at 59°F and one

atmosphere . Therefore, the liquid to gas ratio is 1 :862 .

Maximum Allowable Concentratio n

The maximum amount of a toxic gas or vapor which the body can stand

for an eight-hour (8-hr .) period in one day, for an indefinite

number of days, without causing any injury to health . It is

expressed in parts per million (ppm), by volume, of the gas or vapo r

in air . The majority of rocket propellants are toxic by nature .

Monopropellant

A single material, usually utilized with a catalyst to cause it to

react for purposes of powering a rocket engine or some component

thereof .

•

Oxidizers (or Oxidizing Agents )

A chemical that will actively support combustion or oxidation of a

fuel .

Padding (or Blanketing )

Filling the void, or ullage, of a closed container with an inert gas

(usually nitrogen) to prevent oxidation of the chemical contained

therein, and to avoid the formation of flantmable or explosive

mixtures by excluding air from the container .

0347q/ll
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Passivation

The treatment of metals to render them inert to the action of a

particular chemical or mixture by the formation of an impervious

film on the contact surface .

Psia

Pounds per square inch absolute ( 14 .7 psia = 1 atmosphere at sea
level ; 0 psia = a complete absence of pressure , or a vacuum) .

Pyrophoric

Any fuel or other material which will ignite spontaneously upon

contact with air .

Pyrotechnic

A mixture of an oxidizing agent and solid fuel designed to produce
light or heat , or to perform some other non-propulsive function .

Usually used as igniters .

• Psig

Pounds per square inch gauge (C psig = 1 atmosphere at sea level) .

Solid Propellan t

A solid mixture consisting of a fuel and oxidizer cured in the form
of a block or "grain" which fits into the combustion chamber of the
rocket for the production of thrust .

Stability

Storabl e

•

0347q/12

State of balance ; a condition in which opposing forces exactly
balance or equal each other . In rocket usage, thermal and shock

stability are important . Thermal stability refers to a material's
ability to remain stable when a change of temperature occurs, and

shock stability refers to a material's ability to remain stable when

subjected to shock .

Refers to liquid propellants which may be stored at or near ambient

conditions over a period of time without any chemical or physical
change .
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Threshold Limit Value (TLV )

Concentrations of airborne contaminants to which most workers can be
exposed during working hours ( that is , 8 hours a day , 5 days a week)

,for indefinite periods without adversely affecting their health .

Toxic

Poisonous , or causing poisoning .

Ullage

Unfilled space in a container .

Vapor Density

The relative density of vapors as compared with the density of air,
taken as 1 . Example : Acetone vapor density is 2 .00 ; air = 1 .00 .

Acetone vapors are twice as heavy as air .

Vapor Pressure

• The pressure exerted by the evaporation of a liquid at any given
temperature .

•
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SUBJECT : Compilation of Facts Concerning
Propellant Propertie s

• UNIT: Liquid Propellant Handling

FIELD : Propellants

CRYOGENICS

LOX LN2 LHe

Boiling Point OF -297 -320 -452

----------------------------------------
Freezing Point OF -361 .8 -345.9 -455.8

----------------------------------------
Vapor Pressure psia 480 @ -200°F - -

----------------------------------------
Vapor Density 1 .1 .966 .13

----------------------------------------
Appearance : Liquid Pale Blue Colorless Colorless

Vapor Invisible Invisible Invisible

---------------------- -----
Odor None None None

----------------------------------------
Liq. to Gas Ratio 1 :862 1:695 1 :754

----------------------------------------
Vapor Hazard Asphyxiation Suffocation Suffocatio n

below 19 .5% 1 :1 ratio 1 :1 ratio

Fire Hazard
above 24%

FLUORINE FLOX

•

HYDROGEN

Boiling Point OF ' -306 ' -301 ' -423

----------------------------------------
Freezing Point OF -363.3 - -434.5

----------------------------------------
Vapor Pressure psia 794 @ -200°F 574 @ -200°F 147 .3 @ -402°F

----------------------------------------
Vapor Density 1.3 1.2 .06 9

----------------------------------------
Appearance : Liquid Yellow Greenish Colorles s

Vapor Brownish Green-Brown Invisibl e

----------------------------------------
Odor Pungent Pungent None

----------------------------------------
Liq. to Gas Ratio 1 :958 1:890 1 :851

----------------------------------------
Vapor Hazard Toxic Toxic Suffocation

MAC 0 .1 ppm MAC 0.1 ppm 1 :1 ratio

----------------------------------------
Explosion Limits Fire Hazard - 4'6 to 75 0

--------------------------------------- -
I IIgnition Temp. - - 1075°F

0347q/1S
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STORABLE OXIDIZER S

•

•

MTO H2O2 IRFNA CTF

Boiling Point OF 70.1 ' 286 ' 197 ' 53

----------------------------------------
Freezing Point OF 11 .84 11 -55 -105

----------------------------------------
Vapor Press . psia 30 .7 @ 100°F .17 @ 104°F 2 .6 @ 160°F 26 .6 @ 80°F

----------------------------------------
Vapor Density 3.2 1.1 3.2 3.2

----------------------------------------
Appearance : Liq. Brown Colorless Org to Red Greenish

Vap . Red to Tan Invisible , Red to Tan Grn-Brn

----------------------------------------
Odor Pungent None Pungent Pungent

----------------------------------------
Vapor Hazard Toxic Toxic Toxic Toxi c

' MAC 2 .5 ppm ' MAC 1 ppm MAC 5 ppm ' MAC 0 .1 ppm

STORABLE FUELS

HYDRAZINE MMH UD14H

Boiling Point OF 236 ' 189.5 146

----------------------------------------
Freezing Point OF 35 -62.5 -71

----------------------------------------
Vapor Pressure psia .31 @ 80°F 1 .0 @ 80°F 3.1 @ 80°F

----------------------------------------
Vapor Density 1.1 1.59 2.1

----------------------------------------
Appearance : Liquid Colorless Colorless Colorles s

Vapor Invisible Invisible Invisible

----------------------------------------
Odor Ammon ia Ammonia Ammoni a

----------------------------------------
Flash Point °rr- 100 - 126 61 - 63 3

----------------------------------------
Explosion Limits 4.7 - 100 2 .5 - 98 2.3 - 80
by volume at @ 212°F @ NTS is 77°F

one atmospher e

Vapor Hazar d

0347q/16

Toxic Toxic Toxic
MAC 1 .0 ppm MAC 0 . 2 ppm MAC 0 .5 ppm
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STORABLE FUELS

HYOYNE RP-1 ETHYL ALCOHOL

Boiling Point OF 148 350 - 525 173

----------------------------------------
Freezing Point OF -120 -40 -174

----------------------------------------
Vapor Pressure psia 3.5 @ 80°F 2.6 @ 104°F

----------------------------------------
Vapor Density HTA HTA 1 .59

----------------------------------------
Appearance : Liquid Colorless Colorless Colorles s

Vapor Invisible Invisible Invisibl e

----------------------------------------
Odor Ammonia Kerosene Alcohol

----------------------------------------
Flash Point OF 46 110 55

----------------------------------------
Explosion Limits 3 - 45 1.6 - 6 3.3 - 1 9
% by volume at NTS NTS NTS
one atmosphere

- - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - -

Vapor Hazard Toxic Toxic Toxi c
MAC 1 .0 ppm MAC 500 ppm MAC 200 ppm

PYROPHORIC FUEL S

PENTABORANE TEA TEB TEAB

Boiling Point OF 140 .1 ' 381 .2 171 202.5

----------------------------------------
Freezing Point OF -52 -94.5 -166.5 -155.7

---------------------------------------
Vapor Press . psia 4 .0 @ 77°F .07 @ 181 .4°F .81 @ 68°F N .D .

----------------------------------------
Vapor Density .7 @ 70°F Flame in air Flame in air Flame in air

----------------------------------------
Appearance : Li q . Colorless Colorless Colorless Colorles s

Vap . Invisible Invisible Invisible Invisible

----------------------------------------
Odor Pungent Combustion Combustion Combustio n

by-products by-products by-products

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Flash Point OF Pyrophoric Pyrophoric Pyrophoric Pyrophoric

---------------------------------------
Explosion Limits Flame in Flame in Flame in Flame i n
by volume at air air air air

one atmospher e

----------------------------------------

Vapor Hazard Toxic Combustion Combustion Combustion

/l 7
' MAC .005 ppm 'by-products ' Dy-products ' by-produc t s

BNA08768386
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SOLVENTS

Toxic Toxic

ACETONE TRICHLOROETHYLEN E

Boiling Point OF 133.7 ' 186

----------------------------------------
Freezing Point OF -139 -124 .2

----------------------------------------
Vapor Pressure psia 7.0 @ 104°F 1 .9 @ 89 .6°F

----------------------------------------
Vapor Density 2.0 4.53

----------------------------------------
Appearance: Liquid Colorless Colorless

Vapor Invisible Invisible

----------------------------------------
Odor Mint-like Chloroform-like

----------------------------------------
Flash Point OF 0 N.D .

----------------------------------------
Explosion Limits % by vol- 2 .6 - 12.8 12.5 @ 86°F to
ume at one atmosphere NTS 90.0 @ 180°F

• ----------------------------------------
Vapor Hazard Toxic Toxi c

14AC 500 ppm MAC 100 ppm

FREON-MF FREON-TF FREON-B F

Boiling Point OF 74.8 ' 117.6 199

----------------------------------------
Freezing Point OF -168 -31 +104

----------------------------------------
Vapor Pressure psia 17 @ 80°F 7 @ 80°F 0 .5 @ 80°F

----------------------------------------
Vapor Density Heavier than air Heavier than air Heavier than air

----------------------------------------
Appearance : Liquid Colorless Colorless Colorles s

Vapor Invisible Invisible Invisible

----------------------------------------
Odor Irritating Irritating Irritatin g

----------------------------------------
Flash Point OF Non-flammable Non-flammable Non-flammabl e

• Explosion Limits

% by vol ume at Non-explosive Non-explosive Non-explosive
one atmospher e

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Vapor Hazar d

O347q/18
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Toxi c
MAC 1000 ppn MAC 1000 ppm MAC 500 ppm
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SUBJECT : Compilation of Facts Concernin g

Compatible Material s

UNIT : Liquid Propellant Handlin g

FIELD : Propellants

Appendi x

C

Page 1 of 5 pages

CRYOGENICS

MATERIAL METALS NON-METALS LUBRICANTS

Liquid Oxygen Stainless Stee l
18-8

Teflon

Kel- F

Coppe r

Bronz e

Brass

Aluminum

Monel

Asbesto s

Certain Silico n

Rubbers

•

•

Liquid Nitrogen Some Chrome-
Liquid Helium Nickel Steel s

(Austenitic-
9% Nickel)

Stainless Steel
18-8

Copper

Brass

Bronze

Copper-Silicon

Alloys
Mon e l
Aluminum

Shredded Lead

Fluorine Monel

and Aluminum

FLOX Stainless Steel
304L

347

Copper

Bras s

Liquid Hydrogen Stainless Steel
300 Series

Austeniti c
Copper

Bronze

Brass

Monel

Al uini nun

Teflon
Kel-F

Cotton-free

Asbestos
Graphite ( Selected

Types )

Non e

Dacron

Teflon

Kel-F
Nylon

Nylon Films

Asbestos Impregnated

with Teflon

None

*See note on title page .

For the proper lubricants to be used in this system, check the

appropriate process specification and/or specification drawing .
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STORABLE OXIDIZERS

MATERIAL METALS NON-METALS LUBRICANTS

Nitrogen Tetroxide Carbon Steels Ceramic ( acid-

Aluminum resistant)

Stainless Steel Pyrex Glass

Nickel Teflon

Inconel Kel-F

Asbestos ( Cotton-

Free) -

Hydrogen Peroxide Aluminum Teflon

1060 Kel-F

1260

1360

5254

5652

Stainless Stee l

304

304ELC

309

310

316
316ELC

31 7

321
347

Inhibited Red Aluminum Kel-F

Fuming Nitric Acid 1060 Teflon

EC Polyethylene
1100

3003

3004

60 ,01
5052

5154

Stainless Stee l

347

19-9DL

19-9DX

304ELC

32 1

303

31 6

0347q/21
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STORABLE OXIDIZERS (CONTINUED )

MATERIAL METALS NON-METALS LUBRICANTS

Chlorine Stainless Steel Neoprene None

Trifluoride 18-8 Pyrex Glass

Copper

Silver-solder

Bras s

Steel

Magnesium

Aluminum

Monel

Nickel

STORABLE FUELS

MATERIAL METALS NON-METALS LUBRICANTS

Hydrazine Aluminum Polyethylene
2S & 3S Teflon

Stainless Steel Kel-F

303 Unplasticized

304
321

347

Nickel

Monomethylhydrazine Stainless Steel Polyethylene
304 Teflon

307 Kel-F

Aluminum Unplasticized
3003

5052

5154

1060

6061

Durimet 20

Unsymmetrical- Low Carbon Teflon
Dimethylhydrazine Steels Kel-F

Aluminum Butyl Rubbe r

Stainless Steel JM-76

300 Serie s

Hy dyn e

0347g122

Stainless Steels Teflon

Nickel Polyethylene

-lonel

Aluminum

2S & 52S-0

*

*

*
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0

MATERIAL

RP-1

STORABLE FUELS ( CONTINUED )

METALS NON-METALS

Neoprene

Teflon

Kel-F

Buna-N Synthetics

LUBRICANTS

Most Metals

Avoid :

Lead

Copper
Brass

Zinc

--------------------------------------

Ethyl Alcoho l

MATERIAL

Pentaborane

0347q/23

Steel Polyvinyl chloride
Neoprene
Rubber

Kel-F

Teflon

Polyethylene

Asbestos Gasket
Materia l

PYROPHORIC FUEL S

METALS NON-METALS

Aluminum

5052-S
6061 -T6

7075-T6

2024-T3

3003-H14

356-T6

Stainless Steel

18- 8

Low Carbon Steel
K-Mone l
Monel M-8330-B
Nicke l

Nichrome "V"

Magnesium

Fed QQ-M44 A

Fed QQ-M-56-A263
Titaniu m

C-130AM

C-110AM

Copper

Brass

HastelIoy

Kel-F

Kel-F-5500

Teflon

Fluorosilicon e

Rubbers

Fluoroflex "T"

Glass

Viton "A" & "B"

Dry Asbestos

Garlock 230

Carbon

LUBRICANTS

BNA08768392
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PYROPHORIC FUELS ( CONTINUED )

MATERIAL METALS NON-METALS LUBRICANTS

Triethylaluminum Stainless Steel Glass
Triethylboron Copper Teflon

Triethylaluminum - Iron Kel-F
boron

SOLVENTS

•

•

MATERIAL METALS NON-METALS LUBRICANTS

Acetone

Freons

Trichloroethylen e

0347q/24

ANY NON-ORGANIC MATERIALS
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SUBJECT : Compilation of Facts Concerning

Protective Clothin g

• UNIT : Liquid Propellant Handling

FIELD : Propellants

CRYOGENICS

Appendi x

D

Page 1 of 4 page s

~L1 LOX LN2 LHe _

,8 ead P rotection ar at ar at Hard at

----------------------------------------
Face Protection Face Shield * Face Shield* Face Shield*

----------------------------------------
Body Protection Cotton Work Cotton Work Cotton Work

Clothes and Clothes and Clothes and
Apron Apron Apron

----------------------------------------
Hand Protection Asbestos Gloves Asbestos Gloves Asbestos Glove s

----------------------------------------
Foot Protection Nail-Free Nail-Free Nail-Fre e

Work Shoes Work Shoes Work Shoe s

----------------------------------------
Respiratory None Required Required When Required When

Equipment Suffocation Suffocatio n

Hazard Is Hazard Is

Present Present

FLUORINE FLOX HYDROGEN

Head rote ttion ra- tte oo ra-Life Hood-- ar a t

------------------- ----
Face Protection Gra-Lite Hood** Gra-Lite Hood** Face Shield*n#

-------------
Body Protection Gra-Lite Suit** G a-Litz Suit** Cotton Work

Clothes and

Apron ; Flash

Sui t

----------------------------------------
Hand Protection Neoprene Gloves Neoprene Gloves Asbestos Gloves

----------------------------------------
Foot Protection Neoprene Boots Neoprene Boots Nail-Free

Work Shoes

----------------------------------------
Respiratory Requi red When Required When Required When

Equipment MAC Figure Is MAC Figure Is Suffocatio n

Exceeded Exceeded Hazard Is
I Present

a ety g asses must e use when face protectors are used .
**Ar:nalon suits will replace Gra-Lite suits as they become available .

O347q/26
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STORABLE OXIDIZER S

~yz HYDROGEN CHLORINE
NTO PEROXIDE IRFNA TRIFLUORID E

ea rotection ra- ite oo ar at ra- i e ra- 1te
Hood Hood

---- --------------------------------
Face Protection Gra-Lite Hood Face Shield * Gra-Lite Gra-Lite

Hood Hood**

----------------------------------------
Body Protection Gra-Lite Suit Vinyl Apron Gra-Lite Gra-Cit e

Suit Suit*

----------------------------------------
Hand Protection Vinyl -Coated Vinyl -Coated Vinyl-Coated Neoprene

Gloves Gloves Gloves Glove s

----------------------------------------
Foot Protection Neoprene Neoprene Neoprene Neopren e

Boots Boots Boots Boots

----------------------------------------
Respiratory Required When Required Required Required When

Equipment MAC Figure Is When Excess - When MAC MAC Figure I s

Exceeded sive Vapors Figure Is Exceeded

' Are Present ' Exceeded

*Safety glasses must be used when face protectors are used .
**Armalon suits will replace Gra-Lite suits as they become available .

•
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STORABLE FUEL S

----------------------------------------
Respiratory Required When Required When Required When

Equipment MAC Figure Is MAC Figure Is MAC Figure I s

Exceeded ' Exceeded Exceeded

rya- HYDRAZINE MMH UDMH

ead Protection Gra-Lite Hood Gra-Lite Hood Gra-Lite Hoo d

--------------- ------------_---------
Face Protection Gra-Lite Hood Gra-Lite Hood Gra-Lite Hood

----------------------------------------
Body Protection Gra-Lite Suit Gra-Lite Suit Gra-Lite Suit

----------------------------------------
Hand Protection Vinyl-Coated Vinyl-Coated Vinyl-Coate d

Gloves Gloves Gloves

----------------------------------------
Foot Protection Neoprene Boots Neoprene Boots Neoprene Boot s

HYDINE RP-1 FTHYI Al CnRnl

Head Protection Gra-Lite Hood Hard at a r

----------------------------------------
Face Protection Gra-Lite Hood Face Shield* Face Shield*

----------------------------------------
Body Protection Gra-Lite Suit Cotton Work Cotton Work

Clothes Clothe s

----------------------------------------
Hand Protection Vinyl-Coated Neoprene Gloves Vinyl-Coated

Appendix

D

Page 3 of 4 page s

Gloves Glove s

----------------------------------------
Foot Protection Neoprene Boots Nail-Free Nail-Fre e

Work Shoes Work Shoes

----------------------------------------
Respiratory Required When Required When Required When

Equipment MAC Figure Is MAC Figure Is MAC Figure I s
Exceeded Exceeded Exceede d

*Safety glasses must be used when face protectors are used .

•
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PYROPHORIC FUEL S

PENTABORANE TEA TEB TEAB

$* eH ad Protection Gra-Lite and Hat and Hat Hand a t
Hoo d

----------------------------------------
Face Protection Gra-Lite Face Shield * Face Shield* Face Shield*

Hood

----------------------------------------
Body Protection Gra-Lite Open -Back Open-Back Open-Bac k

Suit Jacket or Jacket or Jacket or
Apron Apron Apron

----------------------------------------
Hand Protection Vinyl-Coated Asbestos Asbestos Asbesto s

Gloves Gloves Gloves Gloves

----------------------------------------
Foot Protection Neoprene Heavy Rub - Heavy Rub - Heavy Rub-

Boots ber Boots ber Boots ber Boot s

----------------------------------------
Respiratory Required Required Required Required

Equipment When MAC When MAC When MAC When MA C

• Figure Is Figure Is Figure Is Figure Is

Exceeded Exceeded Exceeded Exceeded

*Safety glasses must be used when face protectors are used .

SOLVENTS

ley
ACETONE FREONS TRICHLOROETHYLENE

Head Protection Hard Hat Hard Hat Hard Hat

----------------------------------------
Face Protection Face Shield* Face Shield* Face Shield*

----------------------------------------
Body Protection Plastic Apron Plastic Apron Plastic Apro n

----------------------------------------
Hand Protection Neoprene Gloves Neoprene Gloves Neoprene Gloves

----------------------------------------
Foot Protection Nail-Free Nail-Free Nail-Free

Work Shoes Work Shoes Work Shoe s

•

----------------------------------------
Respiratory Required When Required When Required When

Equipi:ient MAC Figure Is MAC Figure Is MAC Figure I s

Exceeded Exceeded Exceeded

*Safety glasses must be used when face protectors are used .
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SUBJECT: Compilation of Facts Concerning Appendi x
First Aid Treatmen t

• UNIT: Liquid Propellant Handling
E

FIELD : Propellants Page 1 of 1 pa es

ALL MATERIALS

CRYOGENS , STORABLE OXIDIZERS , STORABLE FUELS , PYROPHORIC FUELS, AND SOLVENT S

SKIN CONTACT :

Flush with large quantities of water for purposes of dilution, warm-

ing the affected area in the case of cryogens , or cooling it in the
case of pyrophoric fuels , and generally washing off the area to
remove the material .

EYE CONTACT :

Hold the eyes open and flush with water for a minimum period of
fifteen ( 15) minutes to wash out the liquid.

INHALATION :

Remove the person from the contaminated area . Do not allow the
person to walk ; carry him .

INGESTION :

Summon medical help .

BREATHING STOPS :

Apply artificial respiration , or mouth-to-mouth resuscitation .

IN ALL CASES WHERE A PERSON REQUIRES FIRST AID, SUANON MEDICAL HELP .

•
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SUBJECT : Compilation of Facts Concerning

Fire Contro l

•

2'

UNIT : Liquid Propellant Handling

FIELD : Propellants

I• Foam NO '

Water Dilution
and Cooling

CRYOGENICS

LOX LN2

Appendix

F

Page 1 of 4 pag es

LHe

Stream NO NOT NOT

Spray NO FLAMMABLE FLAMMABLE

Fog YES

Suffocation

Method

CO2

Dry Chemical

NO

NO

I Y FLUORINE FLOX HYDROGEN

Water Dilution

and Cooling

Stream NO NO YES

Spray NO NO YES

----------------------------------------
Fog

Suffocation

Method

Possibly Possibly YE S

C02 NO NO YES#

----------------------------------------
Dry Chemical 1140 NO YES

----------------------------------------
Foam NO NO NO

J
iy. (Jill Freeze)

___7 r uortne reacts with water ; therefore, it cannot be used to put out a
fluorine - fed Fire , but a controlled fog stream can substantially reduce
toxic effluent by controlled reaction .

#C02 is not as effective as water because of the high temperatures

involved .
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STORABLE OXIDIZERS

~yv
Water Di ution

and Cooling

HYDROGEN CHLORINE

NTO PEROXIDE IRFNA TRIFLUORID E

Stream YES YES+ YES-"- NO

----------------------------------------
Spray YES YES+ YES++ NO

----------------------------------------
Fog YES YES YES Possibly*

Suffocation

Method

0

C02 NO NO NO NO

----------------------------------------
Dry Chemical NO NO NO NO**

----------------------------------------
Foam NO NO I

NO NO

+Large amounts of water can effectively dilute peroxide .

++In an enclosed area, large amounts of water on IRFNA can cause an
increase in vapo r

pressure .

*Chlorine trifluoride reacts with water ; therefore, it cannot be

used to put out a fire, but a controlled fog can substantially

reduce toxic effluent by controlled reaction .

**Dry chemicals can be used to decontaminate spills .
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and Cooling
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STORABLE FUELS

HYDRAZINE M14H UDMH

Stream YES .. YES YES

----------------------------------------
Spray YES YES YES

Fog YES YES YES

Suffocation

Method

CO2 YES YES YES

----------------------------------------
Dry Chemical YES YES YES

----------------------------------------
Foam YES* I

YES* I YES* .

'9 Jater Dilution

and Cooling

HYDYNE RP-1 ETHYL ALCOHOL

Stream YES NO YES

----------------------------------------
Spray YES NO YES

----------------------------------------
Fog YES YES YES

Suffocation

Method

CO2 YES YES YES

----------------------------------------
Dry Chemical YES YES YE S

----------------------------------------

Foam YES* YES NO

(Dissolves )
•I roam ten s to reap down rape y due to the high temperature by ra-

zine fed fires . C02 is effective in most cases involving small fires,

especially for protection of personnel .
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PYROPHORIC FUEL S

PENTABORANE TEA TEB TEAB

Water Dilutio n

and Coolin g

Stream NO NO NO NO

Spray NO NO NO NO

Fog Possibly* Possibly* Possibly* Possibly*

Suffocatio n
Method

C02 YES+ YES+ YES+ YES+

----------------------------------------
Dry Chemical YES+ YES+ YES+ YES+

Foam YES++ YES++//y////Y9$H ' YES++_ C4atf-

*Pyrophoric fuels react violently with water ; therefore , they can-

not be used to put out a fire, but a controlled fog can be used to

burn up the fuel faster, while providing cooling for the surrounding

area .
+C02, dry chemical , and foam are effective as long as they cover

the fire ; once removed, the fire may reignite .
++Foam and water deluge are the most effective control .

SOLVENTS

ACETONE FREONS TRICHLOROETHYLEN E

Water Dilution
and Cooling

Stream NO * N O

Spray NO * 14 0

Fog YES * YE S

Suffocation
Metho d

002 YES * YES

Dry Chemical -------YES ----* ---------YES ---- -

----------------------------------------
'oam YES * YES

*At the present time , Freon solvents are considered to be non-flammable .
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SUBJECT : Nitrogen Tetroxide (NTO) INFORMATION

• Sheet
UNIT : Liquid PropellantHandling B-1

FIELD : Propellants Page 1 of 3 pages

DEFINITION :

Nitrogen tetroxide is used as a storable oxidizer which contains 70%
oxygen per unit volume .

ESSENTIAL FACTS, IDEAS, AND PROCEDURES :

Nitrogen Tetroxide

Nitrogen tetroxide (WTO) goes by several names , including
dinitrogen tetroxide , nitrogen peroxide , and liquid dioxide . It is
a heavy , brown liquid, at ordinary temperatures , containing about

30% N2 and 70% 02 . In comparison to liquid oxygen, with a
common fuel , it offers a slightly lower specific impulse . If the

bulk density is used in the comparison , nitrogen tetroxide has a

slightly higher impulse /cu . ft.

Nitrogen tetroxide is storable for long periods of time if kept
free of contaminants . It has the advantage of being almost
instantaneously hypergolic with most fuels . The use of NTO with a
particular fuel, which forms a hypergolic mixture , eliminates th e

• need for a complete, heavy, start system .

Properties

Because of moderate freezing ( 11 .85°F) and boiling points
(70 .1°F), nitrogen tetroxide is easily stored at normal ambient

temperature in the Southern California area . Even at temperatures

of 100°F, the vapor pressure is only 16 psig . Nitrogen tetroxide
has a sharp, pungent odor, but this odor does not give sufficient

warning of the presence of toxic vapors . The vapors are extremely
toxic . The MAC for a continuous 8-hour day is 5 ppm by volume .

Normally a reddish brown liquid, the gas varies in color from

brown to yellow when mixed with air .

•

0347q/l

Pure nitrogen tetroxide is stable against mechanical shock . It

is hypergolic with many fuels, and may induce spontaneous ignition
if brought in contact with paper, cloth, wood, etc .

Free of water, and in its pure form, nitrogen tetroxide is only

mildly corrosive . If storage containers are not sealed, moisture

may be absorbed by the tetroxide, with the formation of very

corrosive nitric acid resulting .

Protective Clothing and Equipmen t

Because of the oxidizing ability and extreme toxicity of

nitrogen tetroxide, personnel must be fully protected from contac t

BNA08768406
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with it . This includes the use of Gra -Lite hoods, vinyl-coated
gloves, neoprene boots , and, when in concentrations above 2%, a
Scott Air-Pak . During most transfer operations , between shipping
containers and the storage container , a cannister type o f
respiratory equipment will suffice . Under all circumstances, one
individual must stand by in equipment suited for maximum azar ous
conditions . -

•

•

0347q/2

First Ai d

Contamination through spillage of nitrogen tetroxide warrants

immediate attention . The affected area must be flushed with water
for at least 15 minutes . The use of small amounts of water causes

the formation of concentrated nitric acid , and results in serious
acid burns . Clothing should be removed and washed thoroughly .

Inhalation of the vapors forms nitric acid in the respiratory

tract with pulmonary irritation resulting , which may then result in
pulmonary edema, laryngitis , bronchitis , and pneumonitus . Effects

from exposure to the vapors may be delayed for a period of several
hours . Injury occurs during the formation of nitrates and nitrites
in the neutralization process . Any exposure , whether by inhalation
or direct contact , needs immediate medical treatment .

Fire Protectio n

Fires fed by nitrogen tetroxide will continue to burn until all

of the oxidizer has been consumed or used up in some manner . A

water fog is most effective in combating this type of fire . In

addition to cooling the flame, the water dilutes the tetroxide to a
weakened acid solution . Care must be taken to use large quantities

of water to prevent acid corrosion .

Storage and Handling

Nitrogen tetroxide, until recently , was shipped entirely in
one-ton cylinders . Because of the extent to which the storable
propellant program has grown, shipping by tanker truck has become
more practical .

The cylinders are constructed of mild steel capable of

withstanding moderate pressures . The tetroxide may be removed from

the cylinders by pressurization . Tanker trucks may be emptied by

pumping or pressurization .

All storage containers must be sealed to prevent the escape of

toxic vapors and the entrance of moisture into then when not in
use . Even though precautions are taken, the containers are subject
to corrosive action .

All storage areas should be free of flam abla materials, and be

provided with good ventilation . A graded storage area s'houTd b e
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provided to facilitate easy drainage after flooding the area . An
abundant and accessible water supply is necessary , in such a storage
area .

Compatible Material s

The following materials and lubricants have been found to be
compatible with nitrogen tetroxide :

Metals ( When NO2 moisture is 0 .1% or less)

Carbon Steel s

Aluminum

Stainless Steels

Nickel

Incone l

Non-Metal s

•

Ceramic ( acid-resistant)

Pyrex Glas s
Teflon

Kel-F

Asbestos ( cotton-free )

Lubricants

See note on title page .

For the proper lubricants to be used in this system, check

the appropriate process specifications and/or specification
drawings .

0
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INTERNAL LETTER
NORTH AMERICAN AVIATION , INC. DATE 13 August 1964

TO J. Slake FROM E. Roddy

ADDRESS D/056, Zone 12 ADDRESS D/051, Zone 12

Rockstt'ne-SSSFL Rocketdyne-SSFL

PHONE 5273 or 5272

SUBJECT REVI3I OF OFF-STAID PROPELLANT SAMPLDD

The Industrial Hygiene and Safety Section, D/051 has conducted a survey of its
off-stand storage vessel sampling operations performed periodically by D/056 .
This survey was requested by D/056 ta m

Detect any potential hazards incident to the sampling operation,

Evaluate the control measures employed to protect persomel, and

Make recommendations to improve existing controls and/or Initiate

additional controls .

Safety implications pertinent to sampling methods, sample contsinera , and the
• handlITg and transporting of samples were given consideration .

Samples are drawn from ports on the storage vessel . Generally, samples are
obtained by one of two methods . Gravity flowing a sample from a tap on the
storage vessel into a sample container or passing the contents of the vessel
through the sampler and trapping a portion . The portion passing through the
sampler can be expelled to atmosphere or returned to the storage vessel depend-
ing upon conditions , Toxicity, volatility, and stability are sone of the
factors that will influence the choice of the sampling method and the sample
container.

The samples are collected in several types of containers . Those most often used

aret

-Glass bottles.

Polyethylene bottles .

1800 psi S .S . sausage bombs .

3000 psi S .S . one liter bombs.

4.4 liter s .s . Dosmodyne sampler (675 psi) .

0
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13 August 3,964

S Following is a list of materials routinely sampled from the off-stand storage
vessels and the type of containers generally used :

(1)

(2)

(10)

$rdrazine fuels - glass or polyethylene bottle or one liter bomb,

Nitrogen tetroxide and finning nitric adds - glass or polyethylene bottle
or one liter bomb,

liquid caygen - one liter bomb or 4.4 liter sampler,

lrocarbon fuel (HP-1) - glass or polyethylene bottle,

Pressurizing gases, inert - sausage or one liter bomb,

Liquid nitrogen - sausage or one liter bomb .

Gaseous hydrogen and o 'gen - sausage or one liter bomb .

Trichloroetirlene - glass or polyethylene bottle ,

Liquid hydrogen - no approved method at the present time, An attempt is

being made to adapt the 4.4 liter sampler to ffi2 sampling .

Moisture content of gases - A1nor Dew Pointer or Robbins Aviation Sampler .

• Macy-problems arise trying to obtain a representative sample of a toxic or
cryogedc material while keeping personnel exposure to hazards to a minimmn .
Some of the items noted during the sarvey yore :

(1) Some of the storage vessels have no provision for taking a sample,

(2) Some storage vessels have sample ports located so they are not easily

accessible ,

(3) Some sample systems are poorly constructed and have no pressure relieving
capability,

(4) Some times, sample units are connected into systems where the pressure
exceeds the maxdnwm rating of :the sampler .

(5) Some sample units have components that are rated lower than the maxUnum

pressure rating of the unit,,

(6) Toxic and flammable vapors released from the sampler are not always

adequately controlled .

The following recommendations are aimed at minimizing the hazard to personnel

while stapling toxic3 corrosive, and flammable materials and to facilitate

sampling operations

• Cl) Inc :tnde provisions for sampling in the design of all off-stand storage

vss,aels ; the design should be reviewed by 056 and D/051 .

(2) Standardize the sampling systems to conform as near as practical with

the system shown in Enclosure (1) .

BNA0876841 0
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23 August 1964

9 (3) Install sampling systems on all storage vessels that do not have them as
soon as it is feasible,

(4) Revise existing systems to conform with Rnclcsure (1) wherever it is
practical,

(5) Locate SM93e ports when they are easily accessible ; relocate existing
ports that are difficult to reach, - .

(6) Provide all sample systems with adequate relieving capability ,

(7) Prohibit connecting samplers into systems where the pressure exceeds the
MATUMM pressure rating of the sampler without an appropriate regulator,

(8) Prohibit the use of samplereson systems where the pressure exceeds the
lowest maxims rating of any of the sampling components ,

(9) Sampling systems should be constructed so that s ignificant concentrations
of toxic and/or flammable vapors are not released in an uncontrolled
mazmer,

(l0) Write and maintain standing operating procedures for all sampling operations

including transportation of the samples ; have the procedures reviewed by
Industrial Hygiene and Safety, D/051 and the Fire Department, D/0520

• (11)-- Place breakable sample containers in an appropriate outer container immedi-
ately after sampling,

(12) Have samples packaged so that they will be able to withstand conditions
normally incident to handling and transportation (if this is impractical,
than assign the responsibility for insuring the sate arrival of the sample
at its destination to someone who has adequate knowledge of the potential
hazards incident to handling and transporting the ample) .

(13) Eliminate open system sampling of toxic materials, when this is impractical

and have Industrial Hygiene and Safety investigate the specific operation to

determine the extent of the hazard and recommend control measures if needed ,

In. the event that specific problems arise pertinent to the hazards involved in
obtaining, handling, and transporting lentact Industrial Hygiene and

Safety, D/051 and the Fire Department, Df052,
e, co

Two specific problems were encountered during the survey , One pertaining to
sampling liquid hydrogen , The Cosmodyne 4 ,4 liter sampler has been used to

sample IH2 and the excess hydrogen vented off to atmosphere through a six=foot
portable vent line . The Industrial Hygiene and Safety Section, D/051 does not
approve of the uncontrolled release of 0H2 In this manner and will require more

positive control of the vented ggen , The other problem was the apparent
release of excessive vapors whilusing the one liter bomb to sample ~In
this instance , the principle appears sound and refinement of the system should

• eliminate the problem,

ALL JUl
h3R :lhdc

Enclosures (1)
Industrial

Representative
Safety
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',-,`.1r„a( Lette r

•

Date :

TO, !Name . Organiralinn , Internal Address)

Subject .
Handling and Shipping of Hardware or Equipment Exposed to Storable

Propellant s

Ref . : Field Lab Procedures #108 and #113 ( copies attached )

ALL D/ 598-346 personnel are required to be familiar with the requirements

of Field Lab Procedures 108 and 113 regarding the handling of hardware or

equipment exposed to storable propellants .

Procedures or EWR ' s specifying decontamination or flushing processes to

be utilized on hardware shall include steps detailing verification of the

decontamination procedure by use of the MSA tube and attaching the yellow

" Caution " tags ( Form 614-C-2) .

10 April 1986

Roc'C«.rel ( International

• FFL346-83-013 ( Revised )

FROM: (me 7g,G/r009o20 :^ rnat ntldreas . Phone )

Engineers , Supervisor , ✓t• Fischler

Leadmen, Mechanics Rocketdyne - SSFL

D/598-346, 055-SS11 D/598-346, 055-55 1 1

5087

NO hardware is to be shipped from APTF , STL-IV, SPA , ECL or the NAKA/

• Happy valley complex unless : 1) the hardware has been decontaminated i n

accordance with approved procedure or EWR ; 2 ) the hardware has been

"sniffed" to verify the absence of contaminants which may be dangerous if

improperly handled ; and 3) the yellow " Caution " tags ( Form 614-C-2) are

attached to the hardware . Equipment shipped to the Equipment or Instru-

mentation Laboratories does require the MSA "sniff " test, and aspiration

is not a substitute for decontamination .

Effective immediately, ALL operating procedures or EWR ' s must call out

these specific steps and shall include sign -offs for each of these steps .

S . Fi'chler , Manager

Chemical & Advanced Component Tes t

•

SF :j r

Attachments : Page 1 of FLP #108 , and Page 2 of FLP #113
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Rocketdyne
Field Laboratories Procedure

4P
®1® Rockwell International

No. 108

REV . DATE 2 Oct . 1975

PAGE 1 of 1 1

(0 Indicates Change )

SUBJECT : DECONTAMINATION , INERTING AND PURIFICATION REQUIREMENTS

1 .0 SCOPE

This procedure . establishes the requirement for the preparation of decon-

tamination , inerting and purification procedures appropriate to the

operations being conducted . These procedures are not to apply to test

hardware as these items must be covered by specific hardware specifica-

tions and procedures .

•

2 .0 DEFINITIONS

2 .1 Decontamination as used herein pertains to those steps required to

render a part or system safe to be approached or handled without

protective measures , equipment or clothing .

2 .2 Inerting is the process of diluting a combustible gas or vapor with

an inert gas or vapor to make the contents nonflammable or

nonexplosive .

2 .3 Purification is the process of eliminating fluids introduced in the

decontamination and/or inerting process in preparation for filling

the system with the service fluid . . Purification usually involves

displacing air or nitrogen with a gas that is compatible with the

service fluid .

3 .0 REQUIREMENTS

3 . 1

3 . 2

e

3 . 3
i

LL

10 3. 4

0
LL

3 .5

Each SSFL Unit having responsibility for decontamination , purifica-

tion and inerting of parts or systems shall prepare procedures

covering the necessary operations to ensure that such operations are

properly performed .

Copies of these procedures shall be maintained in the Area Operating

Instruction Manual .

Decontamination is required if the yellow warning tags (Ref. FL

Procedure 113) are to be removed or if a previously contaminated part

is being shipped or otherwise handled as being contaminant free .

Decontamination is not required if a yellow tagged item is to be
returned to service .

The procedures outlined in Appendix A are general in nature and may

be used in whole or in part or as a guide in developing area proce-

dures which are specific in nature for the equipment and service
involved .

BNA0876841 3
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•

USE OF WARNING TAGS AND STREAMERS

NO. 113

REVISED : 15 September 198 5

3 .1 .2 During facility operations , it is often necessary to place an item in an

energized position and leave the console unattended . In the event this is

necessary , the appropriate console switches shall be red warning tagged as per
3 .1 .1 . Before red warning tagging, the operator shall obtain verification from

the responsible engineer that the integrity of the system will not be violated,

and that the item being energized is capable of continuous duty service within the
time element involved .

3 .2 YELLOW " CAUTION " TAGS (Form 614-C-2 )

3 .2 .1 All items which are potentially contaminated with a material that is

hazardous to personnel or equipment , but which are safe for shipment , shall be

tagged with a yellow "CAUTION" tag ( Form 614-C-2) .

3 .2 .2 The person responsible for initiating shipment shall fill out the top part

of the card ( contaminating material , test site removed from , date removed) . Each

subsequent recipient of tagged items who disassembles and disperses its components

shall be responsible for attaching additional tags to each potentiall y

contaminated component .

103 .2 .3. The tag shall be securely attached in a conspicuous location . Large

assemblies should have additional tags attached .

3 .2 .4 All items to be scrapped , returned to storage or to open stock, shall be

decontaminated . After an item has been decontaminated , the bottom part of the tag

shall be filled out by the person responsible for decontamination ( person who

performed decontamination , location , and date) .

3 .2 .5 The tag shall remain attached to decontaminated items returned to storage

or open stock to assist in determining subsequent cleaning operations . The tag

shall also remain attached to decontaminated items to be scrapped to assist in

determining proper disposal procedures . The tag shall be removed and discarded

when an item is cleaned and/or returned to service .

3 .3 RED WARNING STREAMERS . Red warning streamers shall be used to indicate a

disabling item installed into a system when the item will prevent normal operation

of the system or create a hazard to operation .

•

Page 2 of 3
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Need : 402

•

•

•

A

1. ID Number : 402

http ://xre22 . brooks. af.mil/h scxre/97tns/97needs/402 .htm

Need No. 402

AN

2. Title : Personal Dosimeter Badge for Monitoring Exposure to Hydrazine Fuel Vapors at Rocket
Launch Sites

3. Pillar Suppo rted : Occupational Health

4. Priority: High

5. Media : Air

6. Contaminant(s) :

• Hydrazine
• Monomethylhydrazine (MMH)
• Unsymmetrical Dimethylhydrazine (UDMH)

7. Key Policy or Regulatory Driver :

• AFOSH Std 48-8 Controlling Exposures to Hazardous Materials
• EWR 127-1 provides requirements for hydrazine-fuel leak detection and the threshold limit value

monitoring for fuel vapors in air at Cape Canaveral Air Station (CCAS) (East Range) and
Vandenberg AFB (VAFB) (West Range) .

8. Need Description : Shirt-pocket-size personal dosimeter badges need to be developed for monitoring
worker exposure to hydrazine rocket fuels in air . The Air Force uses hydrazine and MMH in satellites
and Aerozine-50 (50% UDMH, 50% hydrazine) in Titan and Delta launch vehicles . The fuels are highly
toxic and are listed as "A2 - suspected human carcinogens" by the American Conference o f
Governmental Industrial Hygienists (ACGIH) . No commercial dosimeter can monitor hydrazine-fuel
vapors at ACGIH's recently adopted (May 1995) threshold limit value (TLV) of 10 ppb, as an
eight-hour time weighted average . Since most hydrazine-fuel exposures are short in duration, a
dosimeter is also needed to ensure that the excursion exposure limit, 30 ppb as a 30 minute time
weighted average, is not exceeded . In addition, the hydrazines have "skin" notations, which indicate that
a significant part of the overall exposure can take place by the cutaneous route, including the mucous
membranes, eyes, and skin, this portion of the actual dose cannot be measured except through biological
monitoring. Therefore, the need to accurately characterize the potential dose by inhalation is crucial, as it
is potentially only part of the total dose . By AFOSH Standard 48-8, these ACGIH-adopted TLVs have
automatically become AFOSH requirements . The ACGIH/AFOSH adopted 10 ppb TLVs are up to 50
times lower than the previous hydrazine-fuel TLVs . In an Aerozine-50 leak, UDMH detection is of
primary concern because of its high volatility and its ability to form N-nitrosdimethylamine, a highly
carcinogenic air oxidation product . UDMH detectors are used solely by the Air Force . The lowering of
the permissible exposure levels of hydrazines will soon affect numerous Air Force space programs
because of widespread use of hydrazine fuels. There will likely be an increased need for launch
personnel to wear self-contained respirators, resulting in lower operational efficiencies and increased
costs . The availability of reliable personal dosimeters could provide cost savings by determining when
respirators and other personal protective equipment are no longer needed . Reliable dosimeters are
needed to protect the health of launch site workers and to document allowable personal exposure
conditions to protect the government and contractors from future litigation . (It should be noted that the
newly-adopted allowable exposure levels for hydrazine fuels, which have been described, require both
dosimetry and real-time concentration monitoring. This need statement responds to the need for a
dosimeter only. Need statement #413 responds to the separate need for a real-time concentration
monitor .)
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Current System Description: No cost-effective commercial detectors are available that can
• reliably detect hydrazines at the ACGIH/AFOSH adopted 10 ppb TLVs. Moreover, n o

commercial dosimeters are available that can monitor hydrazine fuels and provide an alarm to the
user at the 30 ppb, 30 minute excursion limit, or at one-half the TLV dose levels, as is desired .
Several vendors produce fixed-point area detectors and portable detectors that can monitor
hydrazine fuels at one-half their previous TLVs (i .e . at one-half of 100, 200, and 500 ppb for
hydrazine, MMH, and UDMH, respectively) . The operating principle of these detectors is
generally colorimetry or electrochemistry . Extensive testing at the Naval Research Laboratory and
NASA KSC's Toxic Vapor detection Laboratory using calibrated hydrazine-fuel/airstreams has
shown (notwithstanding manufacturer claims) that the lower detection limits of the commercial
fixed-point electrochemical and colorimetric detectors, even under controlled laboratory
conditions and in the absence of interferences, are generally about 20 and 25 ppb, respectively . the
detection limits for portable versions of these instruments are generally about 40-50 ppb . The
detection limits of these instruments in the field are even higher. One vendor has markedly
increased the sample flow rate through their electrochemical detector so that it can detect 10 ppb
levels of hydrazines . However, the increased flow rates have given rise to limited detector
lifetimes and the need for too frequent maintenance .
Waste/Volume/Other Environmental Concerns : At CCAS and Kennedy Space Center (KSC),
area and portable monitors are used at rocket launch and payload processing facilities . The rockets
and their launch facilities are : Delta, Space Launch Complex (SLC) #17 ; Atlas, SLC #36; Titan
IV, SLC #40 and #41 ; and Shuttle, SLC #39 Pads A and B . The area monitors (including leak
detectors) are used to monitor fuel vapors at SLC #17, 36, 39 A and B, 40, 41, the DSCS
Processing Facility, the NAVSTAR Processing Facility, and the Spacecraft Processing and
Integration Facility . Portable monitors (including personal monitors) are used at SLCs #17, 39 A
and B, 40, 41, Fuel Storage Area #1, Wiltech analytical laboratory, and at other locations as
needed. At VAFB, area and portable monitors are used at SLC #2, SLC #3, and SLC #4W and
#4E in Delta, Atlas, and Titan launch operations . Each Titan IV launch vehicle uses 150,000 lbs o f

• Aerozine-50, the Delta stage 2 uses 4,700 lbs of Aerozine-50, the Shuttle orbiter OMS and RCS
engines use 12,500 lbs of MMH, while payloads and Atlas use small, variable quantities of MMH
and hydrazine.
Current Cost of Process : Current colorimetric- or clcctrochemical-based area monitors cost
between about $4K and $8 .5K per unit, while the corresponding hand-held instruments generally
cost between $2.5K and $4 .5K per unit . It is estimated that 200 to 300 hydrazine-fuel detection
instruments are used at each launch range (CCAS, KSC, and VAFB) . Instrument lifetimes are
about 3 years. Instrument costs for all ranges probably thus average $1 .5 million per year . Since
the TLVs have been lowered, more sensitive, reliable monitors are required . If reliable monitors
are not available, the costs associated with operational delays prior to launch due to false positive
alarms could be as high as a few hundred thousand dollars a year . The costs associated with each
day of delay of a Titan IV launch is $2 million ($80K/hour) . Possible unfavorable legal judgments
against the government due to adverse health impact to launch-site personnel unknowingly
exposed to hazardous levels of hydrazines could be even higher (tens of millions of dollars) .
Extent of the Problem : The problem of not being able to detect hydrazine fuels at the
ACGIH/AFOSH adopted 10 ppb TLVs and monitor the fuels at the 30 ppb, 30 minute excursion
limit could impact Air Force launch activities at Vandenberg AFB, Cape Canaveral Air Station,
and Kennedy Space Center. ERR 127-1 provides requirements for fuel leak detection and the
monitoring of the ambient atmosphere at CCAS . Analogous requirements also exist at KSC and
VAFB . Similar requirements exist for monitoring hydrazine at F-16 aircraft servicing facilities .
Standards/Specifications Impacted: AFOSH Standard 48-8 and other fuel detection standards .
Known R&D Efforts : POC: Lt. Amon Martin, Chief, Launch Project Support, SMC/CLNE,
COMM (310) 363-2301, DSN 833-2301, COMM FAX (310) 363-3429, FAX-DSN 833-3429 .
"Development of a personal alarm, conductive-polymer, hydrazine-fuel exposure sensor : A
promising dosimeter badge has been developed by Spectra Sciences, Inc . (SSI) and

• SMC-designated SBIR Phase I and II funding. Tests, performed over a range of temperature and
humidity conditions present at launch sites, show that the conductive-polymer sensors can provide
minimal detectable doses of 2 ppb-hours and saturation doses of greater than 150 ppb-hours for
UDMH and hydrazine vapors. Thus, sensors can readily monitor fuels at the desired 15 and 40
ppb-hour dose levels. Funding is needed to further develop this dosimeter during FY96 . In this
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ppb-hour dose levels . Funding is needed to further develop this dosimeter during FY96 . In this
effort, SSI will develop (a) a compact badge-housing for the sensor and associated alarm circuitry,
(b) a reliable sensor reader for monitoring accumulated doses at the start and end of each wor k

• shifts, (c) an easily used data analysis and display software package, (d) methods for reproducible
results . The dosimeter badge system will then be extensively field tested at CCAS . ATSDR
Toxicologic Profile contains several leads .
Outside Needs: POC: Ms. Sherry Duff, Chairperson Chemical Manufacturer's Hydrazine
Coalition Olin Chemicals (203) 356-3166 Hydrazine producers and users (from large- to
small-scale) will all require dosimeters able to monitor hydrazine, MMH, and UDMH vapor
exposure at the desired 15 and 40 ppb-hour doses . CMA's Hydrazine Coalition is familiar with the
personnel protection needs of these commercial organizations .

9. Urgency: 1997

Non-Compliance : If dosimeters are not developed for monitoring UDMH . MMH, and hydrazine
at doses below the ACGIH adopted permissible exposure levels, then the Air Force will not be
able to comply with AFOSH Standard 48-8 and the requirements governing hypergol vapor

monitoring at CCAS, KSC, and VAFB (such as ERR 127-1 outlined in need description above) .
Without the required dosimeters, all launch site personnel may be required to wear self-contained
respirators at all times in any location where fuel vapors could be present . It may be required that
air samples be collected in fuel-storage or use areas and then analyzed at a laboratory by
time-consuming wet chemical methods to verify sub-10 ppb fuel vapor levels before personnel
may enter the area. These procedures would result in lower operational efficiencies, increased
costs, and possible schedule delays . By not being able to comply with AFOSH monitoring
requirements, the government and contractors may be burdened with routinely collected air
samples and concomitant record keeping to document a safe workplace, as protection against
future litigation . Estimates of costs associated with noncompliance are difficult to quantify, but
could be tens of millions of dollars if launch delays or costly litigation results .

• 10. Alternative Options:

Current Method of Reducing the Problem : SMC/CL and SMC/ME have jointly funded research
and development efforts on detectors and dosimeters designed to meet TLVs recently adopted by
ACGIH/AFOSH . Over the past four years, $1 M of SMC funds and $1 .4M of SMC-designated
SBIR funds have been provided to five different development efforts . Funding is now required to
field test the dosimeter and to develop a brassboard dosimeter system .
Potential Solutions: Under SMC-originated SBIR Phase I and II funding, Spectral Sciences, Inc .
has developed a shirt-pocket-size, conductive polymer-based personal dosimeter badge that can
monitor worker exposure to hydrazine fuels at desired dose levels . This effort now requires
additional funding to perform field tests on the breadboard version of the dosimeter and to allow

development of a final, fully engineered brassboard design that is ready for commercialization .
Minimal Success Criteria: The development of a detector that reliably monitors hydrazine fuels
(particularly UDMH) at levels below 10 ppb in air . The detector should be demonstrated at
NASA's TVD lab or the Naval Research Lab to provide the following performance : (1) sufficient
sensitivity to detect sub-10 ppb levels of UDMH (and if possible, hydrazine and MMH) with a +/-
20% accuracy . (2) a detection reproducibility at sub-10 ppb levels of +/- 20% (3) response and
recovery times of less than five minutes to 90% and 10% respectively, of the full 10 ppb level
upon step-function concentration changes between 0 and 10 ppb . (4) high specificity in
discriminating against potential launch site interferences such as amines, ammonia, N02,
alcohols, and chlorinated solvents . (5) minimal temperature and humidity effects . (6) a minimum
30-day interval between calibration and (7) a one year shelf-life .

11 . Contacts :

• Program:

Capt Kevin Culp, HQ SMC/AXZB, COM : (310)-363-1846, DSN: 833-1846
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Lt Amon Martin, SMC/CLNE, COM : (310)-336-2301 , DSN : 833-230 1

• Technical:

Dr. Gary Loper, The Aerospace Corp ., COM: (310)-336-5922

Other Customer (s)/User(s) :

Ms. Le Ann Cotton, 30 SW/SES (VAFB), DSN : 275-8329

Lt Col Kent Stringham, 30th Med Grp/SGPB, COM : (805)-734-6781 , DSN : 276-6781
Capt Paul DeVane, 45 AMDS/SGPB, COM : (407)-494-5435, DSN: 854-543 5

Potential Customer (i)/User(s).-

Mr Bart Sellers, OO-ALC/LILE, COM : (801)-777-2558, DSN: 458-2558

Lt Lee Bosch, SMC/MV, COM : (310)-336-4475, DSN : 833-4475

Last updated: Sep 25, 1997. Y ou can contact the WebMaster at
Webmaster al7,em.brooks.afm i
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